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Viral infections and atherothrombosis: Another 
caution in the wake of COVID-19?
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INTRODUCTION

The COVID-19 pandemic is caused by the novel 
coronavirus (Sars-COV-2), with global impact and 
leading to numerous hospitalizations and deaths in 
several countries. Data from 01 April 2020 show over 
887,000 infected individuals and over 44,000 deaths.

Publications1-4 show that the main risk factors 
for an unfavorable outcome are: hypertension 6-31% 
(SAH), diabetes 7.3-19% (DM), age, and presence of 
cardiovascular disease 8-15% (CVD); the main risk 
factor to date is age over 80 years. It should be noted, 
therefore, that patients with cardiovascular disease 
are at higher risk of complications. COVID-19 invades 
cells by binding to the of the angiotensin-converting 
enzyme (ACE-2), which has a greater expression in 
cardiac and pulmonary tissues5.

Zhou, et al.,2 has reported the clinical character-
istics of 171 patients admitted with infections caused 
by COVID-19. Among the abnormal laboratory results 
found in multivariate analysis was the increase of 
D-dimer > 1ug/ml, which was related to worse prog-
nosis, as were advanced age and increased SOFA 

score. Studies have also demonstrated that many 
patients can evolve with lymphopenia1.4. The pres-
ence of coagulopathy, evidenced by the increase of 
D-dimer, prothrombin time (PT), and disseminated 
intravascular coagulation (DIC), was also a marker of 
negative prognosis, regardless of its high levels during 
admission or at any time during hospitalization2.6. In 
a recent meta-analysis7, high levels of troponin were 
also related to a worse prognosis.

In another publication on 416 hospitalized 
patients8, there was an association between 
increased troponin and mortality; whereas the 
higher its value, the higher was the risk. Myocardial 
injury was identified in 19.7% of patients. These were 
older, had a higher number of comorbidities (includ-
ing cardiovascular), and presented other increased 
inflammatory parameters in relation to the control 
group, such as increased leukocytes, C-reactive pro-
tein, and procalcitonin, as well as greater opacity on 
computed tomography scans of the chest. In addi-
tion, these patients had a longer period of mechanical 
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ischemic syndromes. Other important factors for the 
emergence of injury and ischemia are: the nature of 
the thrombus formation (partial vs. total), degree of 
stenosis, presence of vasoconstriction, distal perfu-
sion, and an imbalance between supply and demand in 
the coronary bed evidenced by hypoxia, hypotension, 
tachycardia, and the increase of endogenous catechol-
amines leading to local vasoconstriction. Previous 
reviews13-15 have demonstrated the role of platelets 
and the coagulation system in viral infections. It is 
suggested that platelets can bind to pathogens through 
receptors on their surface and help eradicate them. 
After the binding, there is a release of factors such as 
Thromboxane A2 and Adenosine Diphosphate (ADP), 
activating the coagulation and inflammatory cascade. 
There have been reports that this platelet activation 
results in thrombocytopenia, a common finding in 
viral infections (such as Influenza, Coronaviruses, 
and HIV). An endothelial lesion can lead to exposure 
of prothrombotic factors, such as the Von Willebrand 
factor, on the vessel wall, as well as to the decrease of 
endogenous anticoagulant factors, such as proteins C 
and S, and antithrombin. Previous data show that in 
infections caused by Influenza and SARS, there was 

ventilation, renal dysfunction, and coagulation disor-
ders. The difference in mortality was 51.2% vs. 4.5% 
(P<0.001). This inflammatory storm, with increased 
cytokines, troponin, D-dimer, among others, leads 
to a greater predisposition to cardiovascular events 
and death. In addition, data show that acute coro-
nary events, arrhythmias, myocarditis, Takotsubo 
syndrome, and acute heart failure can occur related 
to COVID-19. In relation to acute heart complications, 
Wang4 reported 16% of arrhythmia.

Preliminary evidence9-12 demonstrates that infec-
tions, viral ones included, lead to systemic inflamma-
tory conditions, including atheromatous plaques. As 
shown in Figure 1, during the inflammatory activity 
triggered by the infection, there is an infiltrate of cells 
in the atheromatous plaque (T cells, macrophages, 
and neutrophils), contributing to the production of 
cytokines, coagulation factors, oxygen radicals, and 
vasoactive molecules, leading to increased vascular 
permeability, endothelial damage, rupture of the 
fibrous layer, and exposure of thrombogenic elements 
(collagen, tissue factor, and platelet adhesion mole-
cules), contributing to the formation of thrombus. The 
plaque erosion alone is not enough to cause coronary 

FIGURE 1. ACUTE INFECTIONS TRIGGERING MYOCARDIAL INJURY AND ACUTE CORONARY SYNDROMES. 
(ADAPTED FROM MEDINA ET, AL; ROLE OF ACUTE INFECTION IN TRIGGERING ACUTE CORONARY SYNDROMES; 
LANCET INFECT DIS 2010; 10: 83–92)
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an increase of thrombi and fibrin deposits in the lungs, 
thus suggesting local microthrombosis.

There have also been descriptions of “shock-in-
duced Endotheliopathy in critical patients”12, which 
suggests that during shock there is sympathetic -adre-
nal hyperactivation, with an increase of circulating 
catecholamines, leading to endothelial and microcir-
culation damage due to capillary leak, with increased 
local inflammatory mediators, vascular edema, and 
tissue hypoxia, generating a vicious cycle of endothe-
lial lesion. Thus, the endogenous anticoagulant system 
would be damaged, leading to microvascular occlu-
sion, which can justify the increased D-dimer and tro-
ponin in more severe patients. In addition, in the final 
shock cascade, there can be coagulopathy and even 
DIC as a compensatory mechanism. Johansson et al. 
suggested that young people have less endotheliopathy 
(in patients with trauma-related shock) in comparison 
with the elderly. In addition, smokers, hypertensive, 
and diabetics patients have greater endothelial dys-
function, and the finding of endotheliopathy could be 
associated with the outcomes of death in the short 
and long term.

In a study published in 201816, viral infections by 
Influenza were associated with a higher rate of acute 
coronary events. It evaluated the diagnoses of acute 
myocardial infarction (AMI) during a 1-year period 
before and after a positive diagnosis for Influenza. In 
this study, there was a higher rate of AMI in up to 
7 days after the diagnosis of Influenza in relation to 
the control group. According to the data presented, 
infections, among them, viral ones included, can lead 
to acute coronary conditions, as well as endothelial 
and microvascular lesions. Increased D-dimer and 
troponin suggest a worse prognosis and greater risk 
of mortality in COVID-19 positive patients, probably 
because they are associated with a greater inflam-
matory response, endothelial damage, and throm-
botic events.

A Chinese study17 that included 449 patients 

admitted for COVID-19 showed that the strategy of 
prescribing enoxaparin 40-60mg/day or non-fraction-
ated heparin 10,000 to 15.000U/day brought bene-
fits in mortality after 28 days in 2 subgroups. One 
of them comprised patients with criteria of coagu-
lopathy induced by sepsis >= 4 (which uses the cri-
teria of increase of PT, decreased platelet count, and 
increased SOFA score), with a difference of 40% vs. 
64.2% (P = 0.029). The other subgroup was composed 
of patients with D-dimer > 6x the upper threshold of 
normality, with a difference of 32.8% vs. 52.4% (P = 
0.017), demonstrating that the strategy of prescribing 
chemical prophylaxis for venous thromboembolism 
(VTE) should be considered in patients admitted with 
COVID-19, even if they present low/intermediate risk 
of VTE.

In relation to the therapeutic procedures for 
patients with CVD who are infected with COVID-19, 
the hypothesis has been raised that medications that 
interfere with the ACE can be harmful to the patient. 
Since there have been no studies demonstrating such 
association, most medical societies recommend not 
discontinuing angiotensin-converting enzyme (ACE) 
inhibitors and angiotensin II receptor blockers (ARB), 
as well as any medications that were already in use, 
particularly those used with prognostic benefits 5.18. 
Pro-thrombotic events, including acute coronary 
events, require increased attention, and there is no 
evidence that recommends the routine interruption 
of antiplatelet and anticoagulant drugs. In addition, 
the recommendations for influenza and pneumococ-
cus vaccinations in patients with previous indications 
are maintained.
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