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Abstract
SARS-CoV-2 is responsible for the COVID-19 pandemic. The immune system is a determinant factor in defense against 
viral infections. Thus, when it acts in a balanced and effective manner the disease is self-limited and benign. Nevertheless, 
in a significant proportion of the population, the immune response is exaggerated. When infected, patients with 
diabetes, hypertension, obesity, and cardiovascular disease are more likely to progress to severe forms. These diseases 
are related to chronic inflammation and endothelial dysfunction. Toll-like receptors are expressed on immune cells 
and play an important role in the physiopathology of cardiovascular and metabolic diseases. When activated, they 
can induce release of inflammatory cytokines. Hypercoagulability, hyperinflammation, platelet hyperresponsiveness, 
and endothelial dysfunction occur in immune system hyperactivity caused by viral activity, thereby increasing the risk 
of arterial and venous thrombosis. We discuss the interactions between COVID-19, immunity, the endothelium, and 
coagulation, as well as why cardiometabolic diseases have a negative impact on COVID-19 prognosis. 
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Resumo
O SARS-CoV-2 é o responsável pela pandemia da COVID-19. O sistema imunológico é fator determinante no combate à 
infecção viral e, quando atua equilibrada e eficientemente, a doença é autolimitada e benigna. Uma parcela significativa 
da população, porém, apresenta resposta imune exacerbada. Os indivíduos diabéticos, hipertensos, obesos e com 
doenças cardiovasculares, infectados pelo vírus, apresentam maior chance de progredir para formas graves. Essas 
doenças estão relacionadas a processos inflamatórios crônicos e disfunção endotelial. Os receptores do tipo Toll estão 
presentes nas células de defesa e participam da imunopatologia de doenças cardiovasculares e metabólicas, levando 
à produção de citocinas pró-inflamatórias quando ativados. Devido à ação viral e à hiperativação do sistema imune, 
estados de hiperinflamação, hiperativação plaquetária, disfunção endotelial e hipercoagulabilidade são desenvolvidos, 
predispondo a tromboses venosas e arteriais. Discutiremos sobre a interação entre a COVID-19, a imunidade, o endotélio 
e a coagulação, como também sobre as possíveis causas de doenças cardiometabólicas impactarem negativamente 
na evolução da COVID-19 . 
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INTRODUCTION

The severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) is responsible for COVID-19 disease 
(COronaVIrus Disease 2019). Coronaviruses cause 
outbreaks that threaten health, including the 2002 severe 
acute respiratory syndrome (SARS) epidemic in China, 
the 2012 Middle East respiratory syndrome (MERS), 
and the current COVID-19 pandemic.1-3

SARS-CoV-2 was identified in patients with 
atypical pneumonia, characterized by fever, dry 
cough, and progressive dyspnea.1,4-6 The initial data 
from China, showed that 81% of COVID-19 cases 
exhibited mild to moderate symptoms, including 
patients with no pneumonia or with mild pneumonia. 
Fourteen percent of patients developed the severe 
disease and 5% became critically ill, with respiratory 
failure and multiple organ failure and an extremely 
high risk of death.1,7-9

The major question is why some people progress 
to the severe form of COVID-19. Studies have shown 
a significant relationship between disease severity 
and immune system markers. It was suggested that 
during the response to SARS-CoV-2, immunological 
dysregulation and elevated levels of proinflammatory 
cytokines could be the primary cause of tissue damage. 
More than anything, it is people with cardiovascular 
diseases (CVD) and metabolic diseases who are at the 
highest risk of death from COVID-19.2,10-12

Therefore, this pandemic has created many challenges 
for medicine, since there is an urgent need to save 
lives. We know that immunresponse, the endothelium, 
and the coagulation system interact intimately and that 
chronic inflammatory processes are involved in the 
pathophysiology of CVD and metabolic diseases. This 
review discusses the interactions between COVID-19, 
immunity, the endothelium, and coagulation, and 
also the possible aspects that induce cardiometabolic 
diseases to have a negative impact on COVID-19 cases. 
The objective is to stimulate increased reflection on 
the influence of these factors on treatment approaches 
to this new disease.

COVID-19, IMMUNORESPONSE AND 
DISEASE PHASES

The immune system is activated to defend against 
infectious agents. Initially, this function is mediated 
by innate immunity reactions and later by adaptive 
immunity reactions, which are determinant in 
combating viral infections. In COVID-19, an effective 
and balanced inflammatory response enables a self-
limiting and benign disease course. The severe form 
occurs in a subset of patients whose immunoresponse 
to SARS-CoV-2 is exaggerated.1,13-15

SARS-CoV-2 is a member of the betacoronavirus 
family, it has single-stranded RNA with typical structural 
proteins, comprising envelope (E protein), membrane 
(M protein), nucleocapsid (N protein), and spike 
(S protein) proteins, the last of which is responsible 
for the virus’ infectiousness.16,17 The S proteins on the 
surface of SARS-CoV-2 bind to human ACE2 receptors 
(angiotensin-converting enzyme 2), transmembrane 
proteins that, in turn, transfer the genetic material into 
the cell and initiate the replication process.16-18

Human cells infected by the virus are recognized 
by the immune systems, both innate and adaptive, 
which triggers cytokine production. Two of the most 
important cytokines produced are tumor necrosis 
factor alpha (TNF-α) and interferon-gamma (IFN-γ). 
The first is responsible for activation of neutrophils 
and promotion of coagulation and acts on a centralized 
level to produce fever; the second induces macrophage 
activity to destroy the pathogen and amplifies the release 
of pro-inflammatory, pro-fibrotic, immunoresponse-
regulating cytokines.2,10,14,19-21

Additionally, ACE2 is a carboxypeptidase capable 
of converting angiotensin 2 into angiotensins 1-7. This 
enzyme is a homolog of ACE1, but it fulfills the role of 
a counterweight in the renin-angiotensin-aldosterone 
system (RAAS).16,18,22 When the virus binds to the 
ACE2 receptor, production of angiotensins 1-7 is 
reduced, which can trigger a series of cardiovascular 
and proinflammatory complications (Figure 1).18

The phases of COVID-19 appear to be linked to 
the intensity of the immunoresponse. When there is 
an adequate inflammatory response, patients do not 
progress beyond phase I and the infection is resolved. 
In cases in which the immunoresponse is exaggerated, 
the disease progresses to phases II and III.

The mild form (phase I) is generally characterized 
by fever, dry cough, and tiredness. Other manifestations 
include diarrhea, myalgia, headaches, odynophagia, 
anosmia, ageusia, and coryza. The severe form 
(phase II) is characterized by dyspnea, tachypnea, low 
oxygen saturation, and pulmonary infiltrate visible 
on chest X-rays or computed tomography. Critical 
cases (phase III) show signs of circulatory shock, 
respiratory failure, and multiple organ failure.2,4,6,7,23-25

A modulated immunoresponse against SARS-
CoV-2 appears to be essential for the resolution of 
COVID-19. It comprises coordinated production 
of proinflammatory (IFN-γ and TNF-α) and anti-
inflammatory cytokines (interleukin-10 [IL-10]), which, 
together with cellular activity and immunoglobulins 
(Ig), activate the maximum potential for combating 
the virus.14,19,20

It is very important for patient management to 
define the disease phase by careful history taking.6,7 A 
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syndrome involving pulmonary and extrapulmonary 
inflammation, known as secondary hemophagocytic 
lymphohistiocytosis (sHLH), may be present in phase III. 
It is characterized by immunological hyperactivity due 
to inadequate elimination of macrophages activated by 
natural killer (NK) cells and cytotoxic T lymphocytes, 
resulting in excessive production of proinflammatory 
cytokines,2 followed by a cytokine “storm” and 
exacerbation of the inflammatory mechanisms. This 
condition can cause death.2,25

Therefore, patients with severe COVID-19should 
be screened for hyperinflammation, using laboratory 
markers and the HScore.26 This score was the first 
score to be validated for the diagnosis of reactive 

hemophagocytic syndrome. It is based on the largest 
dataset from adult patients with suspected reactive 
hemophagocytic syndrome and comprises nine 
appropriately weighted clinical, biological, and 
cytological variables. A cutoff of >169 on the HScore 
has 93% sensitivity and 86% specificity for sHLH.26

The intensity of the immunoresponse to SARS-
CoV-2 interferes negatively with endothelial function 
and preexisting diseases related to endothelium are 
factors associated with the severity of COVID-19. 
This communication network makes it clear that, in the 
severe form, the immune system/hyperinflammation, the 
endothelium, and coagulation are involved cyclically.

Figure 1. Activities of angiotensin (1-7), subproduct of angiotensin 1, and consequences of blocking. Angiotensin-converting enzyme 1 
(ACE1) and angiotensin-converting enzyme 2 (ACE2) act on angiotensins 1 and 2. The SARS-CoV-2 (severe acute respiratory syndrome 
coronavirus 2) S protein binds to the ACE2 receptor of the human cell, reducing its enzyme activity. AT1R = type 1 angiotensin II 
receptor; AT2R = type 2 angiotensin II receptor; MASR = angiotensin 1-7 MAS receptor.
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ENDOTHELIAL RESPONSE TO COVID-19

The endothelium is an active organ with endocrine, 
paracrine, and autocrine functions, and is indispensable 
for the regulation of tonus and maintenance of vascular 
homeostasis.5,27 In COVID-19, regardless of whether 
recruitment of immune cells it is immunomediated 
or in response to direct viral aggression of the 
endothelium, it can cause generalized endothelial 
dysfunction associated with apoptosis.5,8,28-30

In cases of greatest severity, death is caused by 
multiple organ failure. Post mortem histological studies 
have revealed a picture of lymphocytic endotheliitis in 
the lungs, heart, kidneys, and liver, and also cellular 
necrosis and presence of microthrombi, which, in the 
lungs, worsens respiratory failure.2,10,31-35

The endothelium has been studied previously in 
relation to other viral diseases, such as the human 
immunodeficiency virus (HIV). As with HIV, SARS-
CoV-2 appears to have a direct endothelial aggression 
effect.36 Autopsy studies33,34 found evidence of direct 
infection by SARS-CoV-2 of the endothelial cell 
and diffuse inflammation.35 In addition to the impact 
of immunity, the endothelial dysfunction caused 
by SARS-CoV-2 would explain why patients with 
comorbidities of the blood vessels are at greater risk 
of developing severe COVID-19 and vice-versa.4,28

FACTORS ASSOCIATED WITH SEVERE 
COVID-19

Elderly patients, males, and those with CVD and/or 
metabolic diseases are at greater risk of unfavorable 
progression of COVID-19. Cytokine “storms”, 
elevated acute phase proteins, and biomarkers of 
cardiac damage are characteristics of the severe form 
and predictors of death.24,28,37

The idea that inflammatory states are responsible for 
the onset or exacerbation of diseases is well-established. 
The association of inflammatory cells and their 
products with the pathophysiology of atherosclerosis 
is widely recognized and so is their relationship with 
the components of the metabolic syndrome (obesity, 
diabetes mellitus, and hypertension).27,28,36,38,39

Richardson et al.40 evaluated 5,700 electronic patient 
records from patients hospitalized with COVID-19 in 
six hospitals in New York and observed that 57% 
were hypertensive, 41% were obese, and 34% were 
diabetic. The most recent data in the global literature 
report greater mortality from COVID-19 in patients 
with these comorbidities. Also of note in this study 
from New York was that no deaths were reported 
among people under the age of 18 years. Although 
cardiometabolic diseases can have onset in childhood, 

they are considerably more prevalent in adults and 
the elderly.

The challenge is to understand why certain 
people can successfully recover their immunological 
homeostasis after suffering an insult and others do 
not.2,10,12,14,19,20 Possibly, some people are genetically 
susceptible to an imbalanced inflammatory response 
and, in these people, a single stimulus can have 
disastrous consequences, such as severe COVID-19, 
for example.29,30

SARS-CoV-2 activates the production of interleukin 
12 (IL-12) and IFN-γ by dendritic cells, macrophages, 
and NK cells. These cytokines stimulate immature 
CD4+ T cells to differentiate into TH1 cells. The primary 
function of the TH1 phenotype is the production of 
IFN-γ and TNF-α. In addition to stimulating the 
TH1 response, IFN-γ plays a crucial role in the antiviral 
response as a macrophage activator and inducer of 
IgG production by B lymphocytes.41

Of the many chemokines and cytokines that 
exist, five (IL-1, IL-6, TNF-α, IL-8, and CCL2/
MCP-1) are involved in diseases such as psoriasis, 
rheumatoid arthritis, and atherosclerosis. Some of 
the roles of these cytokines are well-established: 
increased cellular expression of adhesion molecules, 
chemotaxis of inflammatory cells, stimulation of cell 
differentiation and production of acute phase proteins, 
and proliferation of smooth muscle cells. All of these 
processes amplify the local and systemic inflammatory 
response, involving platelets and the fibrinolysis and 
coagulation systems.2,14,22,38,42

Just as in COVID-19, atherosclerosis involves 
a predominance of TH1 response, involving IFN-γ, 
TNF-α, and TNF-β, which amplify the inflammatory 
response. IFN-γ is considered one of the principal pro-
atherogenic cytokines, promoting the participation of 
these cells in the inflammatory response by activating 
macrophages.2,10,14,38,43

Additionally, studies have demonstrated the 
production of IL-12 by monocytes in response to 
oxidized low density lipoprotein. These results prove 
that IL-12 expressed in atherosclerotic lesions can 
amplify responses of TH1 CD4+ T lymphocytes, 
considerably contributing to the immunopathology of 
atherosclerosis. Notwithstanding, this process can be 
highly regulated by the action of anti-inflammatory 
cytokines, such as IL-10.2,5,10,14,22,38,44 In view of the 
above, it is clear that amplification of the atherosclerotic 
process is triggered by a specific immunoresponse, 
which generates TH1 pathway cytokines, such as 
IL-12 and IFN-γ.27,38,39,43

In addition to the cytokines, positive acute phase 
proteins, particularly C-reactive protein, have also been 
targeted in several different studies of the pathogenesis 
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of atherosclerosis. In addition to their classic role of 
opsonization of antigens, other interesting aspects have 
been investigated, such as their elevation in conditions 
of obesity, inflammation, metabolic syndrome, diabetes, 
and arterial hypertension, making them a predictive 
marker of risk of CVD.10,22,44

Cardiovascular diseases and metabolic syndrome 
are also consequences of immune system imbalances. 
People who have these diseases, even the youngest 
among them who have incipient atherosclerosis or 
metabolic syndrome, are more susceptible to the 
severe form of COVID-19, since they already have 
a hyperactive and dysregulated immune “territory”.

Considering that chronic inflammatory processes 
of the endothelium with a secondary autoimmune 
component and with specific immune responses against 
self-antigens are involved in the pathophysiology of 
atherosclerosis and the cardiometabolic diseases, we 
postulated that these individuals could have a more 
active expression of innate immune system cells ready 
to recognized SARS-CoV-2.10,43 After recognition, these 
cells would stimulate the production of IFN-γ by NK 
cells which, in turn, would induce macrophages to 
present viral antigens to T and B lymphocytes in an 
exaggerated and uncontrolled manner when compared 
to the cells of healthy individuals.

COVID-19 immunopathology is characterized by 
the elevation of IL-6 and TNF-α. These cytokines are 
products of activation of Toll 4 receptors (TLR4), 
which are components of innate immunity.16,42,45 A 
study conducted by computer simulation16 concluded 
that the SARS-CoV-2 spike protein (the same protein 
that binds to the ACE2 receptors) interacts with 
TLR4, thereby suggesting that this is the receptor 
responsible for recognition of SARS-CoV-2 by the 
immune system.

That TLR4 is involved in the pathogenesis of 
atherosclerosis is already well known. Several different 
types of cells present in atherosclerotic plaques express 
TLR4 and several proatherogenic ligands appear to 
activate TLR4. These receptors also participate in the 
pathophysiology of cardiometabolic diseases such as 
obesity and diabetes; TLR4 is involved in lipotoxicity and 
pancreatic beta cell dysfunction.16,42,45 Hyperexpression 
of TLR4 may even be genetically coded.16,42

Another mechanism probably responsible for 
worse progression in COVID-19 involves the 
ACE2 receptor. The reduction in ACE2 activity caused 
by SARS-CoV-2 has implications for CVD because 
they amplify dysregulation of the RAAS and immune 
system (Figure 1).18,43 Additionally, ACE2 receptors 
and dipeptidyl peptidase are enzymes that break 
down bradykinin, a vasoactive peptide. After SARS-
CoV-2 binds to ACE2, the viral complex undergoes 

endocytosis, and the surface ACE2 is inhibited. As a 
result, the potential for breakdown of bradykinins 
is reduced.18,43 It has been speculated that excess 
bradykinin can complicate SARS-CoV-2 infection 
because of vasodilation effects, increased vascular 
permeability, and exacerbation of the coughing reflex.

ACE1 also breaks down bradykinin, and drugs 
that inhibit this enzyme (angiotensin-converting 
enzyme inhibitors [ACEi]) cause an increase in tissue 
bradykinin and can provoke coughing and angioedema 
in hypersensitive individuals. However, published 
studies have shown that the use of medications that 
block RAAS, such as ACEi and angiotensin receptor 
blockers (ARB), did not increase COVID-19 mortality 
and may even be a protective factor.18

The elderly population is at increased risk of death 
from COVID-19. Aging is a condition associated 
with inflammation, whereas the neonatal period 
is linked to an immature and anti-inflammatory 
immunoresponse.25 Men appear to be more susceptible 
than women to the severe form of COVID-19. Sexual 
differences (genetic, environmental, and hormonal) 
are reflected in differences in the immune system, 
resulting in variable responses to infection.9

A series of cases with immunodeficiencies also 
yielded interesting evidence. COVID-19 followed a mild 
clinical course in patients with agammaglobulinemia 
without B lymphocytes but progressed aggressively 
in common variable immunodeficiency. These 
results suggest mechanisms for possible therapeutic 
targets.12,14,20

COAGULATION ABNORMALITIES IN 
COVID-19

Hyperinflammatory states cause platelet 
activation, endothelial dysfunction, and blood 
stasis, conditions that are directly related to venous 
and arterial thrombosis.46-48 Coagulopathy in severe 
COVID-19 infection is similar to sepsis-induced 
coagulopathy (SIC), characterized by disseminated 
intravascular coagulation (DIVC) and thrombotic 
microangiopathy. Furthermore, since the lungs are 
the organ most affected in COVID-19, hypoxemia 
is a risk factor for thrombosis.31

Adequate pulmonary function is totally dependent 
on an intact alveolar-capillary membrane. The SARS-
CoV-2 virus provokes SARS. This syndrome is the 
body’s response to  severe pulmonary aggression that 
triggers a series of physiological defense mechanisms, 
culminating in a form of autoaggression. This amplifies 
the inflammatory response, which can progress to 
Systemic Inflammatory Response Syndrome and 
multiple organ failure.5,10,21,34,44
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Authors have also observed a build-up of insoluble 
fibrin in the alveolar space in SARS, due to incomplete 
fibrinolysis. One hypothesis is that the fibrinogen leaks 
from plasma because of diffuse alveolar damage and 
is not completely eliminated due to hypofibrinolysis. 
This insoluble fibrin will then contribute to pulmonary 
fibrosis and its negative outcomes.49-51

It should be understood that alveolar thrombotic 
microangiopathy is a primary thrombosis triggered 
by COVID-19 and differs from pulmonary arterial 
thrombosis secondary to classic venous thromboembolism 
(VTE). In classic pulmonary embolism (PE), the 
thrombus is actually an embolus that migrates, 
primarily from the deep veins of the lower limbs, 
whereas in COVID-19 the primary thromboses 
apparently predominantly originate in pulmonary 
capillaries.34 To date, there are no conclusive studies 
of the incidence of VTE in COVID-19.

Thrombotic complications appear to emerge as an 
important issue in patients infected by COVID-19. 
A retrospective French study suggested that systematic 
investigation of VTE and early therapeutic anticoagulation 
are warranted in patients with severe COVID-19 in 
the intensive care unit (ICU). Eight of a total of 
26 patients were given prophylactic anticoagulation 
and 18 were given full anticoagulation, depending 
on their level of VTE risk. Of these patients, 69% 
exhibited VTE; 100% in the group given prophylactic 
anticoagulation and 56% in the group given full 
anticoagulation (p = 0.03). Surprisingly, we realized 
that the incidence of VTE was still high even in those 
given full anticoagulation. Moreover, there were six 
cases of PE among these patients.49

According to the experience accumulated over 
the 6 months since the disease emerged, the most 
important coagulation abnormalities observed 
were: increased generation of thrombin, D-dimers, 
and fibrinogen (initially), and prolongation of the 
prothrombin time (PT); with reduced fibrinolysis and 
platelet counts.3,8,31,48,49 These abnormal coagulation 
parameters have been observed in COVID-19 since the 
initial reports from China. Among the first 99 patients 
hospitalized in Wuhan, it was observed that 6% exhibited 
prolonged activated partial thromboplastin time (TTPa), 
5% had elevated PT, and 36% had high D-dimers, in 
addition to increases in biomarkers of inflammation, 
including IL-6, erythrocyte sedimentation rate (ESR), 
and C-reactive protein. Thrombocytopenia occurred 
in 12% of cases, five patients had other coinfections 
(one bacterial and four fungal) and four patients had 
septic shock.9,52,53

D-dimer levels can help with early recognition of 
patients at greater risk of death, warning of the need 
for increased care. Preliminary data show that, in 

patients with severe COVID-19, the anticoagulant 
treatment appears to be associated with lower mortality 
in the subset that fulfills the criteria for SIC or has 
extremely elevated D-dimer levels.31,51

Thrombocytopenia is relatively common among 
patients with COVID-19 and is associated with an 
increased risk of hospital mortality. The lower the 
platelet count, the higher the mortality. However, 
many patients with severe COVID-19 do not yet 
exhibit this finding when admitted to the ICU.25,46,47,51

Prolongation of the PT is also an important marker 
of severity. In situations with thrombocytopenia and 
a prolonged PT, it may be useful to assay fibrinogen, 
as recommended by the International Society of 
Thrombosis and Haemostasis (SITH), to evaluate 
the possibility of DIVC.51

The SITH has produced diagnostic criteria for 
DIVC and has developed and validated criteria 
for SIC. The coagulation abnormalities associated 
with SIC are less severe and occur later than those 
associated with DIVC.51

Tang et al. found that 71% of patients who died 
from COVID-19 fulfilled the SITH criteria for DIVC, 
whereas only 0.6% of the survivors had DIVC. These 
researchers also observed a statistically significant 
increase in D-dimer levels and PT and a reduction 
in fibrinogen levels from days 10 to 14 of the disease 
among those who did not survive.52

A retrospective study from China suggests that 
the endothelial dysfunction induced by COVID-19 is 
responsible for the excessive thrombin production 
and fibrinolysis deficiency, which indicates a 
hypercoagulable state.9,15 A total of 449 individuals 
were studied, the majority were men (59.7%), with a 
mean age of 65.1±12.0 years and one or more chronic 
diseases (60.6%). Of these, 99 (22.0%) were given 
anticoagulant for at least 7 days, 94 of whom were given 
low molecular weight heparin (LMWH), enoxaparin 
40-60 mg/day, and five were given 10,000-15,000 UI/
day of unfractionated heparin (UFH).9

The study assessed factors predictive of mortality, 
comparing survivors and non-survivors of COVID-19, 
with or without treatment with heparin. No significant 
difference in mortality at 28 days was observed between 
those given and not given heparin (30.3% vs. 29.7%, 
p = 0.910). However, anticoagulation with heparin 
was associated with lower mortality among patients 
with SIC score ≥ 4 (40.0% vs. 64.2%, p = 0.029), 
but not among those with SIC score < 4 (29.0% vs. 
22.6%, p = 0.419). In patients with D-dimers elevated 
to more than six times the upper limit of normality, 
the use of heparin also reduced mortality by around 
20% (32.8% vs. 52.4%, p = 0.017). Hemorrhagic 
complications were rare and generally mild.9
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This study prompted the creation of a flow 
diagram to guide anticoagulation decisions in 
COVID-19 according to disease severity criteria, SIC 
score, and/or D-dimer levels. The increased risk of 
thrombi can also be seen in the arteries, not just the 
veins. Depending on the vessel affected, there may be 
different clinical manifestations: stroke, mesenteric 
ischemia, acute myocardial infarction, or lower limb 
arterial occlusion.9,51,52

Oxley et al. reported hospital admission of five 
patients with SARS-CoV-2 and severe stroke over 
a period of 2 weeks. According to the publication, 
this observation constitutes a significant increase in 
patients under the age of 50 years suffering severe 
strokes compared to admissions data for the preceding 
12 months. Two of these patients had no risk factors 
or previous history of stroke, one had dyslipidemia 
and hypertension, one was diagnosed with diabetes 
at the service, and the last had a history of stroke 
and diabetes.54

Compatible with the hypothesis of vascular 
aggression, some cases with characteristics of shock 
toxic syndrome or Kawasaki disease were reported 
by the United Kingdom Paediatric Intensive Care 
Society, the Spanish Pediatrics Association and the 
Italian Society of Pediatricians.55 Kawasaki disease is 
a vasculitis of the medium vessels and can be triggered 
by COVID-19. Its etiology is unknown as yet, but 
epidemiological and clinical presentation suggest that 
the cause is an abnormal infection or immunoresponse 
to a pathogen in genetically predisposed children.55

TREATMENT

In line with the pathophysiology described in the 
previous sections, and respecting the proposed scope 
of the article, we will cover the treatments formulated 
in attempts to improve the resolution of severe forms 
of the disease. To date, there is no specific treatment 
with proven efficacy against COVID-19. Therapeutic 
strategies are based on early recognition of complications 
and optimized support to relieve symptoms.

A search made on June 25, 2020, on clinicaltrials.
gov using the keywords “Covid and treatment” 
returned 1,563 registered studies, 366 in phases III 
and IV. Several antiviral and immunomodulatory 
treatments are being tested in the different stages of 
COVID-19 and results will be published over the 
coming months. Until a vaccine is available, we need 
to increase understanding of what leads some patients 
to suffer such poor outcomes, to avoid fatal outcomes 
using the measures and treatments available.

In response to the urgent need to identify 
effective treatments for COVID-19 in controlled and 
randomized studies, certain agents are being used in 
various countries on the basis of evidence obtained in 
vitro. The results from other viral diseases are being 
extrapolated and treatments are also being chosen 
based on observational studies and small clinical 
trials. Figure 2 illustrates treatment strategies by the 
disease phase.

The risk factors related to unfavorable disease 
outcomes can be divided into modifiable and 

Figure 2. Strategies for treatment of COVID-19 according to clinical disease phase. *Studies in progress; †Dose adjustment by weight 
and creatinine clearance (ClCr); ‡ECMO (extracorporeal membrane circulation); §When there is a strong clinical suspicion of venous 
thromboembolism or confirmation of pulmonary embolism or proximal deep venous thrombosis (adjustment to weight and CrCl).
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nonmodifiable. Male sex and advanced age are 
nonmodifiable factors. However, the most elderly 
people should be isolated as a priority, particularly 
if they have chronic inflammatory diseases.25 Active 
smokers also require greater care, since the lungs are 
the organ in which the disease’s complications set in 
from phase II onwards and because smoking is an 
important risk factor for atherosclerosis.1

Patients with CVD and metabolic syndrome 
and its principal components (obesity, diabetes, 
and hypertension) merit great care.24 Therapeutic 
management of these factors appears to be a 
fundamental measure for reducing the reactivity of the 
endothelium and, as a result, reducing its vulnerability 
to COVID-19.40 Optimization of drug treatment 
with the use of hypoglycemics, antihypertensives, 
antihyperlipidemics (primarily statins) and platelet 
antiaggregants such as acetylsalicylic acid (AAS) can 
help stabilize the endothelium and reduce its reactivity.

Drugs such as ACEi and ARB help to balance 
the RAAS. As discussed above, this system appears 
more dysregulated in COVID-19. Additionally, 
observational studies in patients hospitalized with 
COVID-19 have suggested that the risk of death is 
lower among patients on these medications, especially 
those on ACEi.18

Once infected with SARS-CoV-2, the first step 
is the early use of drugs that can prevent replication 
and facilitate viral clearance. We do not yet have 
an ideal drug, but studies are ongoing all over the 
world with antimalarials, antivirals, antibacterials, 
and antiparasitics. There are unpublished reports 
of success with a “hit early and hit hard” approach. 
This hypothesis is being tested in multicenter clinical 
trials in Brazil and abroad with some of these drug 
classes.56,57

In the midst of the pandemic, conduct is being 
adjusted as knowledge evolves and much of what is 
already routine treatment for critical patients is being 
applied to the treatment of COVID-19. The most 
important complications of COVID-19 are SARS, 
SIC, VTE, and DIVC. All of these conditions are 
well-known in sepsis and in COVID-19 they appear to 
be the consequence of the dysregulated inflammatory 
response.

SARS is the first major complication and specific 
treatment protocols for it exist.4,7 Measures such 
as supplemental oxygen, support in the ICU, and 
mechanical ventilation are fundamentally important.

While still in the hyperinflammatory phase, drugs 
that inhibit or reduce the effects of proinflammatory 
cytokines appear very relevant. IL-6 inhibitors 
and also glucocorticoids can avert or minimize the 
cytokine storm. New medications that modulate 

inflammatory response are fundamental in this phase 
to avoid excessive inflammation, which attacks the 
endothelium and many different organs with great 
intensity and has the potential to cause multiple organ 
failure and death.58

Studies have shown an increased risk of deep 
venous thrombosis (DVT) and PE in patients 
hospitalized with COVID-1949 and it is important to 
monitor these patients using clinical scores for DVT 
and PE.59 In relation to VTE, studies indicate that 
hospitalized patients should be given pharmacological 
thromboprophylaxis with LMWH or fondaparinux 
(preferably with UFH), unless the risk of bleeding 
outweighs the risk of thrombosis.31,47,51

Adjusting the heparin dose for obesity and for patients 
with renal failure is recommended (Table 1).25,51 We 
do not yet have studies that can support the use of 
anticoagulants in patients without a clinical need 
for hospital admissions for COVID-19 or the use 
of intermediate anticoagulation dosages, without at 
least a strong suspicion of VTE. Studies are ongoing 
into the use of anticoagulants in the different phases 
of COVID-19. There is a tendency to suggest that 
prophylaxis should be maintained after hospital 
discharge, because of the hypercoagulable state 
triggered by the disease.50,60-62

There is a risk of bleeding in anticoagulant patients, 
particularly so as the disease worsens. The profile of 
DIVC in COVID-19 is initially thrombotic, but it can 
progress to hemorrhagic as the disease progresses. It is 
very important to monitor platelet counts and serum 
fibrinogen levels and also to calculate the risk of bleeding 
scores such as IMPROVE (International Medical 
Prevention Registry on Venous Thromboembolism). 
Patients with an IMPROVE score < 7 are at a low risk 
of bleeding and should be kept on pharmacological 
prophylaxis. Cases with scores > 7 are at high risk of 
bleeding and mechanical prophylaxis is indicated.63

With relation to the treatment of COVID-19, the 
therapeutic strategy is based on early recognition of 
complications and optimized support for the relief of 
symptoms. To date, there is no specific treatment with 
proven efficacy against COVID-19. Figure 2 illustrates 
the principal therapeutic recommendations by the 
clinical phase of COVID-19.

CONCLUSIONS

COVID-19 immunopathology appears to share the 
same TLR4 receptor as CVD and metabolic syndrome. 
It is possible that inappropriate activation of this 
receptor is the factor responsible for the exaggerated 
immunoresponse seen in patients with the severe 
form of SARS-CoV-2.
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In summary, while we await a vaccine, the best treatment 
for COVID-19 is perhaps that which encompasses 
treatments that improve patients’ cardiovascular and 
metabolic conditions, in addition to medications that 
reduce viral replication, hyperinflammation, and the 
risk of thrombosis.

REFERENCES

1. Wu C, Chen X, Cai Y,  et  al. Risk factors associated with acute 
respiratory distress syndrome and death in patients with 
coronavirus disease 2019 pneumonia in Wuhan, China. JAMA 
Intern Med. 2020;180(7):934-43. http://dx.doi.org/10.1001/
jamainternmed.2020.0994. PMid:32167524.

2. Wang C, Xie J, Zhao L, et al. Alveolar macrophage dysfunction 
and cytokine storm in the pathogenesis of two severe COVID-19 
patients. EBioMedicine. 2020;57:102833. http://dx.doi.org/10.1016/j.
ebiom.2020.102833. PMid:32574956.

3. Giannis D, Ziogas IA, Gianni P. Coagulation disorders in coronavirus 
infected patients: COVID-19, SARS-CoV-1, MERS-CoV and 
lessons from the past. J Clin Virol. 2020;127:104362. http://dx.doi.
org/10.1016/j.jcv.2020.104362. PMid:32305883.

4. Gandhi RT, Lynch JB, del Rio C. Mild or moderate COVID-19. N 
Engl J Med. 2020;NEJMcp2009249. http://dx.doi.org/10.1056/
NEJMcp2009249. PMid:32329974.

5. Swirski FK. Inflammation and CVD in 2017: from clonal haematopoiesis 
to the CANTOS trial. Nat Rev Cardiol. 2018;15(2):79-80. http://
dx.doi.org/10.1038/nrcardio.2017.208. PMid:29263444.

6. Brasil. Coronavírus COVID-2019: diretrizes para diagnóstico e 
tratamento da COVID-19. 3. ed. Brasília: Ministério da Saúde; 
2020.

7. Alhazzani W, Møller MH, Arabi YM,  et  al. Surviving sepsis 
campaign: guidelines on the management of critically ill adults 
with coronavirus disease 2019 (COVID-19). Intensive Care Med. 

2020;46(5):854-87. http://dx.doi.org/10.1007/s00134-020-06022-5. 
PMid:32222812.

8. Guan W, Ni Z, Hu Y, et al. Clinical characteristics of coronavirus 
disease 2019 in China. N Engl J Med. 2020;382(18):1708-20. http://
dx.doi.org/10.1056/NEJMoa2002032. PMid:32109013.

9. Tang N, Bai H, Chen X, Gong J, Li D, Sun Z. Anticoagulant 
treatment is associated with decreased mortality in severe 
coronavirus disease 2019 patients with coagulopathy. J Thromb 
Haemost. 2020;18(5):1094-9. http://dx.doi.org/10.1111/jth.14817. 
PMid:32220112.

10. Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP. The trinity of 
COVID-19: immunity, inflammation and intervention. Nat Rev 
Immunol. 2020;20(6):363-74. http://dx.doi.org/10.1038/s41577-
020-0311-8. PMid:32346093.

11. Caly L, Druce JD, Catton MG, Jans DA, Wagstaff KM. The FDA-
approved drug ivermectin inhibits the replication of SARS-CoV-2 
in vitro. Antiviral Res. 2020;178:104787. http://dx.doi.org/10.1016/j.
antiviral.2020.104787. PMid:32251768.

12. Quinti I, Lougaris V, Milito C, et al. A possible role for B cells in 
COVID-19? Lesson from patients with agammaglobulinemia. 
J Allergy Clin Immunol. 2020;146(1):211-213.e4. http://dx.doi.
org/10.1016/j.jaci.2020.04.013. PMid:32333914.

13. Panda SK, Colonna M. Innate lymphoid cells in mucosal 
immunity. Front Immunol. 2019;10:861. http://dx.doi.org/10.3389/
fimmu.2019.00861. PMid:31134050.

14. Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, 
Manson JJ. COVID-19: consider cytokine storm syndromes and 
immunosuppression. Lancet. 2020;395(10229):1033-4. http://
dx.doi.org/10.1016/S0140-6736(20)30628-0. PMid:32192578.

15. Zhou F, Yu T, Du R,  et  al. Clinical course and risk factors for 
mortality of adult inpatients with COVID-19 in Wuhan, China: 
a retrospective cohort study. Lancet. 2020;395(10229):1054-62. 
http://dx.doi.org/10.1016/S0140-6736(20)30566-3. PMid:32171076.

16. Choudhury A, Mukherjee S. In silico studies on the comparative 
characterization of the interactions of SARS‐CoV‐2 spike 

Table 1. Adapted summary of consensus recommendations for antithrombotic treatment during the COVID-19 pandemic.
COVID-19 phases Antithrombotic treatments

OUTPATIENTS · Encourage walking;
PHASE I · Assess risk of VTE vs. hemorrhagic risk;

· Consider pharmacological prophylaxis if there is a high thrombotic risk without high 
hemorrhagic risk;

· Patients on antithrombotic treatment: maintain treatment;

· Patients on antivitamin K without adequate control: suggest transition to direct oral 
anticoagulant or enoxaparin.

HOSPITALIZED · Assess risk of VTE vs. hemorrhagic risk;
PHASE II and III WITHOUT DIVC · Initiate prophylactic dosage LMWH - subcutaneous enoxaparin 40 mg once a day* (if 

contraindicated, use mechanical prophylaxis).

HOSPITALIZED · Pharmacological prophylaxis if no risk of bleeding;
PHASE III · No recommendation for intermediate or full dosage of LMWH or routine UFH;

WITH DIVC · Users of full anticoagulation: maintain treatment. Consider reduction of dose according to 
risk of bleeding;

· Users of double platelet antiaggregation: assess individualized risk/benefit of suspension 
or maintenance. If platelets > 50,000, maintain double treatment; platelets from 25,000 to 
50,000, maintain one antiplatelet drug; platelets < 25,000, withdraw antiaggregation;

· After hospital discharge: assess risk of VTE and consider pharmacological prophylaxis for 
up to 45 days. Encourage physical activity and walking.

*Avoid enoxaparin if creatinine clearance < 30 mL/min; choose UFH 5,000 UI, 2 or 3 times/day. DIVC = disseminated intravascular coagulation; LMWH = low 
molecular weight heparin; UFH = unfractionated heparin; VTE = venous thromboembolism.

https://doi.org/10.1001/jamainternmed.2020.0994
https://doi.org/10.1001/jamainternmed.2020.0994
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32167524&dopt=Abstract
https://doi.org/10.1016/j.ebiom.2020.102833
https://doi.org/10.1016/j.ebiom.2020.102833
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32574956&dopt=Abstract
https://doi.org/10.1016/j.jcv.2020.104362
https://doi.org/10.1016/j.jcv.2020.104362
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32305883&dopt=Abstract
https://doi.org/10.1056/NEJMcp2009249
https://doi.org/10.1056/NEJMcp2009249
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32329974&dopt=Abstract
https://doi.org/10.1038/nrcardio.2017.208
https://doi.org/10.1038/nrcardio.2017.208
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29263444&dopt=Abstract
https://doi.org/10.1007/s00134-020-06022-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32222812&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32222812&dopt=Abstract
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32109013&dopt=Abstract
https://doi.org/10.1111/jth.14817
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32220112&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32220112&dopt=Abstract
https://doi.org/10.1038/s41577-020-0311-8
https://doi.org/10.1038/s41577-020-0311-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32346093&dopt=Abstract
https://doi.org/10.1016/j.antiviral.2020.104787
https://doi.org/10.1016/j.antiviral.2020.104787
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32251768&dopt=Abstract
https://doi.org/10.1016/j.jaci.2020.04.013
https://doi.org/10.1016/j.jaci.2020.04.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32333914&dopt=Abstract
https://doi.org/10.3389/fimmu.2019.00861
https://doi.org/10.3389/fimmu.2019.00861
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31134050&dopt=Abstract
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/S0140-6736(20)30628-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32192578&dopt=Abstract
https://doi.org/10.1016/S0140-6736(20)30566-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32171076&dopt=Abstract


COVID-19, immunity, endothelium, and coagulation

10/11Brandão et al. J Vasc Bras. 2020;19:e20200131. https://doi.org/10.1590/1677-5449.200131

glycoprotein with ACE‐2 receptor homologs and human TLRs. 
J Med Virol. 2020;92(10):2105-13. http://dx.doi.org/10.1002/
jmv.25987. PMid:32383269.

17. Saghazadeh A, Rezaei N. Immune-epidemiological parameters of 
the novel coronavirus: a perspective. Expert Rev Clin Immunol. 
2020;16(5):465-70. http://dx.doi.org/10.1080/1744666X.2020.1750954. 
PMid:32237901.

18. Zhang P, Zhu L, Cai J, et al. Association of inpatient use of angiotensin-
converting enzyme inhibitors and angiotensin ii receptor blockers 
with mortality among patients with hypertension hospitalized 
with COVID-19. Circ Res. 2020;126(12):1671-81. http://dx.doi.
org/10.1161/CIRCRESAHA.120.317134. PMid:32302265.

19. Marques RE, Marques PE, Guabiraba R, Teixeira MM. Exploring 
the homeostatic and sensory roles of the immune system. Front 
Immunol. 2016;7:125. http://dx.doi.org/10.3389/fimmu.2016.00125. 
PMid:27065209.

20. McGonagle D, Sharif K, O’Regan A, Bridgewood C. The role of 
cytokines including interleukin-6 in COVID-19 induced pneumonia 
and macrophage activation syndrome-like disease. Autoimmun Rev. 
2020;19(6):102537. http://dx.doi.org/10.1016/j.autrev.2020.102537. 
PMid:32251717.

21. Tufan A, Avanoğlu Güler A, Matucci-Cerinic M. COVID-19, 
immune system response, hyperinflammation and repurposing 
antirheumatic drugs. TURKISH J Med Sci. 2020;50(SI-1):620-32. 
http://dx.doi.org/10.3906/sag-2004-168.

22. Wan W, Murphy PM. Regulation of atherogenesis by chemokines 
and chemokine receptors. Arch Immunol Ther Exp. 2013;61(1):1-
14. http://dx.doi.org/10.1007/s00005-012-0202-1. PMid:23224338.

23. Kim AGR. Coronavirus disease 2019 (COVID-19): management in 
hospitalized adult [Internet]. 2020 [citado 2020 maio 10]. https://
www.uptodate.com/contents/coronavirus-disease-2019-COVID-
19-management-in-hospitalized-adults

24. Petrilli CM, Jones SA, Yang J,  et  al. Factors associated with 
hospital admission and critical illness among 5279 people with 
coronavirus disease 2019 in New York City: prospective cohort 
study. BMJ. 2020;369:m1966. http://dx.doi.org/10.1136/bmj.m1966. 
PMid:32444366.

25. Beeching NJ, Fletcher Tom EFR. Coronavirus disease 2019 (COVID-19). 
BMJ Best Practice. 2020.

26. Fardet L, Galicier L, Lambotte O, et al. Development and validation 
of the HScore, a score for the diagnosis of reactive hemophagocytic 
syndrome. Arthritis Rheumatol. 2014;66(9):2613-20. http://dx.doi.
org/10.1002/art.38690. PMid:24782338.

27. Gimbrone MA Jr, García-Cardeña G. Endothelial cell dysfunction and 
the pathobiology of atherosclerosis. Circ Res. 2016;118(4):620-36. 
http://dx.doi.org/10.1161/CIRCRESAHA.115.306301. PMid:26892962.

28. Bansal M. Cardiovascular disease and COVID-19. Diabetes Metab 
Syndr. 2020;14(3):247-50. http://dx.doi.org/10.1016/j.dsx.2020.03.013. 
PMid:32247212.

29. Bermejo-Martin JF, Almansa R, Torres A, González-Rivera M, Kelvin 
DJ. COVID-19 as a cardiovascular disease: the potential role of 
chronic endothelial dysfunction. Cardiovasc Res. 2020;116(10):e132-
3. http://dx.doi.org/10.1093/cvr/cvaa140. PMid:32420587.

30. Gupta A, Madhavan MV, Sehgal K,  et  al. Extrapulmonary 
manifestations of COVID-19. Nat Med. 2020;26(7):1017-32. http://
dx.doi.org/10.1038/s41591-020-0968-3. PMid:32651579.

31. Connors JM, Levy JH. COVID-19 and its implications for thrombosis 
and anticoagulation. Blood. 2020;135(23):2033-40. http://dx.doi.
org/10.1182/blood.2020006000. PMid:32339221.

32. Pintão MCTFR. Coagulação intravascular disseminada. Medicina. 
2001;34:282-91.

33. Varga Z, Flammer AJ, Steiger P, et al. Endothelial cell infection and 
endotheliitis in COVID-19. Lancet. 2020;395(10234):1417-8. http://
dx.doi.org/10.1016/S0140-6736(20)30937-5. PMid:32325026.

34. Ackermann M, Verleden SE, Kuehnel M, et al. Pulmonary vascular 
endothelialitis, thrombosis, and angiogenesis in COVID-19. N Engl J 
Med. 2020;383(2):120-8. http://dx.doi.org/10.1056/NEJMoa2015432. 
PMid:32437596.

35. Carsana L, Sonzogni A, Nasr A, et al. Pulmonary post-mortem 
findings in a series of COVID-19 cases from northern Italy: a two-
centre descriptive study. Lancet Infect Dis. 2020;20(10):1135-40. 
http://dx.doi.org/10.1016/S1473-3099(20)30434-5. PMid:32526193.

36. Godoi ETAM, Brandt CT, Lacerda HR, et al. Intima-media thickness 
in the carotid and femoral arteries for detection of arteriosclerosis 
in human immunodeficiency virus-positive individuals. Arq Bras 
Cardiol. 2017;108(1):3-11. . PMid:28146208.

37. Costa IBSS, Bittar CS, Rizk SI, et al. O coração e a COVID-19: o que 
o cardiologista precisa saber. Arq Bras Cardiol. 2020;114(5):805-16. 
http://dx.doi.org/10.36660/abc.20200279. PMid:32401847.

38. Corrêa-Camacho CR, Dias-Melicio LASA. Atherosclerosis, 
antinflammatory response. Arq Ciênc Saúde. 2007;14(1):41-8.

39. Kobiyama K, Ley K. Atherosclerosis. Circ Res. 2018;123(10):1118-20. 
http://dx.doi.org/10.1161/CIRCRESAHA.118.313816. PMid:30359201.

40. Richardson S, Hirsch JS, Narasimhan M, et al. Presenting characteristics, 
comorbidities, and outcomes among 5700 patients hospitalized with 
COVID-19 in the New York city area. JAMA. 2020;323(20):2052-9. 
http://dx.doi.org/10.1001/jama.2020.6775. PMid:32320003.

41. Abbas A, Lichtman A, Pillai S, Baker D, Baker A. Imunologia celular 
e molecular. 8. ed. Rio de Janeiro: Elsevier; 2015. p. 27-99, p. 138-
209, p. 439-469.

42. Eguchi K, Manabe I. Toll-Like receptor, lipotoxicity and chronic 
inflammation: the pathological link between obesity and 
cardiometabolic disease. J Atheroscler Thromb. 2014;21(7):629-39. 
http://dx.doi.org/10.5551/jat.22533. PMid:24695021.

43. Ross R. Atherosclerosis: an inflammatory disease. N Engl J Med. 
1999;340(2):115-26. http://dx.doi.org/10.1056/NEJM199901143400207. 
PMid:9887164.

44. Ridker PM, Everett BM, Thuren T, et al. Antiinflammatory therapy 
with canakinumab for atherosclerotic disease. N Engl J Med. 
2017;377(12):1119-31. http://dx.doi.org/10.1056/NEJMoa1707914. 
PMid:28845751.

45. Ferraz EG, Silveira BBSJ. Receptores Toll-Like: ativação e regulação 
da resposta imune. Rev Gaucha Odontol. 2011;59(3):483-90.

46. Beun R, Kusadasi N, Sikma M, Westerink J, Huisman A. Thromboembolic 
events and apparent heparin resistance in patients infected with 
SARS‐CoV‐2. Int J Lab Hematol. 2020;42(Suppl 1):19-20. http://
dx.doi.org/10.1111/ijlh.13230. PMid:32311843.

47. Bikdeli B, Madhavan MV, Jimenez D, et al. COVID-19 and thrombotic or 
thromboembolic disease: implications for prevention, antithrombotic 
therapy, and follow-up. J Am Coll Cardiol. 2020;75(23):2950-73. 
http://dx.doi.org/10.1016/j.jacc.2020.04.031. PMid:32311448.

48. Kollias A, Kyriakoulis KG, Dimakakos E, Poulakou G, Stergiou GS, 
Syrigos K. Thromboembolic risk and anticoagulant therapy in 
COVID‐19 patients: emerging evidence and call for action. Br J 
Haematol. 2020;189(5):846-7. http://dx.doi.org/10.1111/bjh.16727. 
PMid:32304577.

49. Llitjos J, Leclerc M, Chochois C, et al. High incidence of venous 
thromboembolic events in anticoagulated severe COVID‐19 
patients. J Thromb Haemost. 2020;18(7):1743-6. http://dx.doi.
org/10.1111/jth.14869. PMid:32320517.

50. Klok FA, Kruip MJHA, Van der Meer NJM,  et  al. Incidence of 
thrombotic complications in critically ill ICU patients with 

https://doi.org/10.1002/jmv.25987
https://doi.org/10.1002/jmv.25987
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32383269&dopt=Abstract
https://doi.org/10.1080/1744666X.2020.1750954
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32237901&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32237901&dopt=Abstract
https://doi.org/10.1161/CIRCRESAHA.120.317134
https://doi.org/10.1161/CIRCRESAHA.120.317134
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32302265&dopt=Abstract
https://doi.org/10.3389/fimmu.2016.00125
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27065209&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27065209&dopt=Abstract
https://doi.org/10.1016/j.autrev.2020.102537
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32251717&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32251717&dopt=Abstract
https://doi.org/10.3906/sag-2004-168
https://doi.org/10.1007/s00005-012-0202-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23224338&dopt=Abstract
https://doi.org/10.1136/bmj.m1966
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32444366&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32444366&dopt=Abstract
https://doi.org/10.1002/art.38690
https://doi.org/10.1002/art.38690
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24782338&dopt=Abstract
https://doi.org/10.1161/CIRCRESAHA.115.306301
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26892962&dopt=Abstract
https://doi.org/10.1016/j.dsx.2020.03.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32247212&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32247212&dopt=Abstract
https://doi.org/10.1093/cvr/cvaa140
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32420587&dopt=Abstract
https://doi.org/10.1038/s41591-020-0968-3
https://doi.org/10.1038/s41591-020-0968-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32651579&dopt=Abstract
https://doi.org/10.1182/blood.2020006000
https://doi.org/10.1182/blood.2020006000
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32339221&dopt=Abstract
https://doi.org/10.1016/S0140-6736(20)30937-5
https://doi.org/10.1016/S0140-6736(20)30937-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32325026&dopt=Abstract
https://doi.org/10.1056/NEJMoa2015432
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32437596&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32437596&dopt=Abstract
https://doi.org/10.1016/S1473-3099(20)30434-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32526193&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28146208&dopt=Abstract
https://doi.org/10.36660/abc.20200279
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32401847&dopt=Abstract
https://doi.org/10.1161/CIRCRESAHA.118.313816
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30359201&dopt=Abstract
https://doi.org/10.1001/jama.2020.6775
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32320003&dopt=Abstract
https://doi.org/10.5551/jat.22533
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24695021&dopt=Abstract
https://doi.org/10.1056/NEJM199901143400207
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9887164&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9887164&dopt=Abstract
https://doi.org/10.1056/NEJMoa1707914
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28845751&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28845751&dopt=Abstract
https://doi.org/10.1111/ijlh.13230
https://doi.org/10.1111/ijlh.13230
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32311843&dopt=Abstract
https://doi.org/10.1016/j.jacc.2020.04.031
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32311448&dopt=Abstract
https://doi.org/10.1111/bjh.16727
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32304577&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32304577&dopt=Abstract
https://doi.org/10.1111/jth.14869
https://doi.org/10.1111/jth.14869
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32320517&dopt=Abstract


COVID-19, immunity, endothelium, and coagulation

11/11Brandão et al. J Vasc Bras. 2020;19:e20200131. https://doi.org/10.1590/1677-5449.200131

COVID-19. Thromb Res. 2020;191:145-7. http://dx.doi.org/10.1016/j.
thromres.2020.04.013. PMid:32291094.

51. Thachil J, Tang N, Gando S,  et  al. ISTH interim guidance on 
recognition and management of coagulopathy in COVID‐19. J 
Thromb Haemost. 2020;18(5):1023-6. http://dx.doi.org/10.1111/
jth.14810. PMid:32338827.

52. Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are 
associated with poor prognosis in patients with novel coronavirus 
pneumonia. J Thromb Haemost. 2020;18(4):844-7. http://dx.doi.
org/10.1111/jth.14768. PMid:32073213.

53. Yang X, Yang Q, Wang Y,  et  al. Thrombocytopenia and its 
association with mortality in patients with COVID‐19. J Thromb 
Haemost. 2020;18(6):1469-72. http://dx.doi.org/10.1111/jth.14848. 
PMid:32302435.

54. Oxley TJ, Mocco J, Majidi S, et al. Large-Vessel Stroke as a presenting 
feature of COVID-19 in the young. N Engl J Med. 2020;382(20):e60. 
http://dx.doi.org/10.1056/NEJMc2009787. PMid:32343504.

55. Carlotti APCP, Carvalho WB, Johnston C, Rodriguez IS, Delgado 
AF. COVID-19 diagnostic and management protocol for pediatric 
patients. Clinics. 2020;75:e1894. http://dx.doi.org/10.6061/
clinics/2020/e1894. PMid:32321116.

56. Grein J, Ohmagari N, Shin D, et al. Compassionate use of Remdesivir 
for patients with severe COVID-19. N Engl J Med. 2020;382(24):2327-
36. http://dx.doi.org/10.1056/NEJMoa2007016. PMid:32275812.

57. Horby P, Lim WS, Emberson J, et al. Dexamethasone in hospitalized 
patients with COVID-19: preliminary report. N Engl J Med. 2020. 
PMid:32678530.

58. Wang Y, Jiang W, He Q,  et  al. Early, low-dose and short-term 
application of corticosteroid treatment in patients with severe 
COVID-19 pneumonia: single-center experience from Wuhan, 
China. medRxiv. 2020. https://doi.org/10.1101/2020.03.06.20032342.

59. Caprini JA, Arcelus JI, Reyna J. Effective risk stratification of 
surgical and nonsurgical patients for venous thromboembolic 
disease. Semin Hematol. 2001;38(2, Suppl 5):12-9. http://dx.doi.
org/10.1053/shem.2001.25184. PMid:11449339.

60. Orsi FA, De Paula EV, Santos FO, et al. Guidance on diagnosis, 
prevention and treatment of thromboembolic complications in 
COVID-19: a position paper of the Brazilian Society of Thrombosis 
and Hemostasis and the Thrombosis and Hemostasis Committee 
of the Brazilian Association of Hematology, Hemotherapy and 
Cellular Therapy. Hem. Hematol Transfus Cell Ther. 2020. http://
dx.doi.org/10.1016/j.htct.2020.06.001. PMid:32565232.

61. Ramacciotti E, Macedo AS, Biagioni RB,  et  al. Evidence-based 
practical guidance for the antithrombotic management in patients 
with coronavirus disease (COVID-19) in 2020. Clin Appl Thromb 
Hemost. 2020;26:1076029620936350. PMid:32649232.

62. Moores LK, Tritschler T, Brosnahan S, et al. Prevention, diagnosis, 
and treatment of VTE in patients with COVID-19. Chest [revista 
eletrônica]. 2020 [citado 2020 maio 10]. https://linkinghub.elsevier.
com/retrieve/pii/S0012369220316251

63. Decousus H, Tapson VF, Bergmann J-F, et al. Factors at admission 
associated with bleeding risk in medical patients: findings from 
the IMPROVE investigators. Chest. 2011;139(1):69-79. http://
dx.doi.org/10.1378/chest.09-3081. PMid:20453069.

Correspondence  
Emmanuelle Tenório Albuquerque Madruga Godoi  

Rua Marquês de Tamandaré, 162/1402  
CEP 52061-170 - Recife (PE), Brasil  

Tel.: +55 (81) 99128-8887  
E-mail: godoiemmanuelle@hotmail.com

Author information 
SCSB - Professor, Departamento de Medicina Clínica, Pós-graduação 

em Cirurgia, Universidade Federal de Pernambuco (UFPE); Board 
certified in Medicina Nuclear, Sociedade Brasileira de Medicina 

Nuclear (SBMN); Board certified in Cardiologia, Sociedade Brasileira 
de Cardiologia (SBC); Board certified in Maladies Cardiovasculaires, 

Université Toulouse III Paul Sabatier; PhD in Cardiologia, Universidade 
de São Paulo (USP).  

ETAMG - Associate professor; Vice-chief, Departamento de Medicina 
Clínica, Universidade Federal de Pernambuco (UFPE); Full member, 

Sociedade Brasileira de Angiologia e Cirurgia Vascular (SBACV); Board 
member, SBACV-PE (state of Pernambuco, Brazil); Responsible for 

Comissão de Métodos Diagnósticos Não-Invasivos, Pós-graduação 
em Cirurgia, UFPE; Board certified in Angiologia e Ecografia Vascular, 

SBACV, Colégio Brasileiro de Radiologia e Diagnóstico por Imagem 
(CBR) and Université Toulouse III Paul Sabatier; Postdoctoral fellow, 

UFPE.  
JOXR - Medical student, Universidade Federal de Pernambuco (UFPE) 
and has a scholarship with the Institutional Scientific Initiation, UFPE.  

LMMPM - Board certified in Hematologia e Hemoterapia, Associação 
Brasileira de Hematologia, Hemoterapia e Terapia Celular (ABHH); 

Board certified in Área de Transplante de Medula Óssea, Sociedade 
Brasileira de Transplante de Medula Óssea (SBTMO); PhD in Ciências, 

Universidade de São Paulo (USP); Technical director, Serviço de 
Hematologia de São José dos Campos.  

ESCS - Associate professor IV; Coordinator, Pós-graduação em 
Saúde da Criança e do Adolescente, Centro de Ciências Médicas, 

Universidade Federal de Pernambuco (UFPE); Supervisor, Residência 
Médica em Alergia e Imunologia Clínica, Hospital das Clínicas, UFPE.

Author contributions  
Conception and design: SCSB, ETAMG, ESCS  

Analysis and interpretation: SCSB, ETAMG, JOXR, LMMPM, ESCS  
Data collection: SCSB, ETAMG, JOXR, LMMPM, ESCS  

Writing the article: SCSB, ETAMG, JOXR, LMMPM, ESCS  
Critical revision of the article: SCSB, ETAMG, ESCS  

Final approval of the article*: SCSB, ETAMG, JOXR, LMMPM, ESCS  
Análise estatística: N/A.  

Overall responsibility: SCSB, ETAMG, ESCS  
 

*All authors have read and approved of the final version of the article 
submitted to J Vasc Bras.

https://doi.org/10.1016/j.thromres.2020.04.013
https://doi.org/10.1016/j.thromres.2020.04.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32291094&dopt=Abstract
https://doi.org/10.1111/jth.14810
https://doi.org/10.1111/jth.14810
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32338827&dopt=Abstract
https://doi.org/10.1111/jth.14768
https://doi.org/10.1111/jth.14768
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32073213&dopt=Abstract
https://doi.org/10.1111/jth.14848
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32302435&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32302435&dopt=Abstract
https://doi.org/10.1056/NEJMc2009787
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32343504&dopt=Abstract
https://doi.org/10.6061/clinics/2020/e1894
https://doi.org/10.6061/clinics/2020/e1894
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32321116&dopt=Abstract
https://doi.org/10.1056/NEJMoa2007016
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32275812&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32678530&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32678530&dopt=Abstract
https://doi.org/10.1053/shem.2001.25184
https://doi.org/10.1053/shem.2001.25184
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11449339&dopt=Abstract
https://doi.org/10.1016/j.htct.2020.06.001
https://doi.org/10.1016/j.htct.2020.06.001
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32565232&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32649232&dopt=Abstract
https://doi.org/10.1378/chest.09-3081
https://doi.org/10.1378/chest.09-3081
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20453069&dopt=Abstract
mailto:godoiemmanuelle@hotmail.com

