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A B S T R A C T   

The virus responsible for the coronavirus disease of 2019 (COVID-19) is the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). Evidences suggest that COVID-19 could trigger cardiovascular complications in 
apparently healthy patients. Coronaviruses are enveloped positive-strand RNA viruses acting as a pathogen- 
associated molecular pattern (PAMP)/ danger-associated molecular patterns (DAMP). Interestingly, Toll-like 
receptor (TLR) 3 recognize both PAMPs DAMPs and is activated by viral double-stranded RNA (dsRNA) lead
ing to activation of TIR receptor domain-containing adaptor inducing IFN-β (TRIF) dependent pathway. New 
evidence has shown a link between virus dsRNA and increased BP. Hence, we hypothesize that COVID-19 
infection may be over activating the TLR3 through dsRNA, evoking further damage to the patients, leading to 
vascular inflammation and increased blood pressure, favoring the development of several cardiovascular com
plications, including hypertension.   

The virus responsible for the coronavirus disease of 2019 (COVID- 
19) is the severe acute respiratory syndrome coronavirus 2 (SARS-CoV- 
2). First identified in Wuhan (Hubei, China) in December of 2019, 
COVID-19 was declared a pandemic by the World Health Organization 
in March of 2020, when little was known about the virus and the disease 
[1]. The prevalent symptoms of the disease are fever, cough, fatigue, and 
dyspnea, and a systematic review and meta-analysis performed in 
February 2020 pointed out an important fact: comorbidities such as 
hypertension, diabetes, cardiovascular diseases, and respiratory system 
diseases might be a risk factor for patients who develop severe COVID- 
19 [2]. 

Cellular entry of SARS-CoV-2 and its pathologic effects initiate with 
the invasion of the epithelial cells, specially from the (upper) respiratory 
tract [3]. Further, the virus is able to target through others cell types, 
including endothelial cells, contributing to thromboembolic events as 
well as vascular dysfunction [4,5]. 

Although the long-term effects of being infected by COVID-19 are 
still unknown, there is evidence that COVID-19 could trigger cardio
vascular complications in apparently healthy patients. In Germany, a 
cohort study with 100 patients who recovered from COVID-19 revealed 
that 78% of the patients presented with abnormal cardiovascular mag
netic resonance (CMR) imaging (MRI), and 71% presented elevated 
levels of high sensitivity troponin T at the time of the CMR [6]. 

The link between COVID-19 and cardiovascular complications could 
be due to the interaction of SARS-CoV-2 with one or more crucial 
pathway(s) controlling the cardiovascular system [7]. Indeed, recent 
studies have shown the role played by the renin-angiotensin-aldosterone 
system (RAAS) in COVID-19, is integral for recognition of the SARS-CoV- 
2 by the virus binding to angiotensin converting enzyme 2 (ACE2) on the 
surface of epithelial cells [8]. Interestingly, both reduced or increased 
function of ACE2 can induce systemic and pulmonary hypertension, 
heart failure, myocardial infarction, and diabetic cardiovascular com
plications [9]. As a result, coronavirus entry into susceptible cells is a 
complex process that requires the concerted action of receptor-binding 
and proteolytic processing of the transmembrane spike (S) protein to 
promote virus-cell fusion [10]. The loss of ACE2, caused by binding 
SARS-CoV-2, may shift the system to an overall higher angiotensin II and 
lower angiotensin-(1-7) tone, promoting vasoconstriction, sodium 
retention, oxidative stress and inflammation, among other consequences 
[11]. 

In addition to this direct mechanism of SARS-CoV-2 in the RAAS, the 
coronavirus might be affecting the cardiovascular system through the 
excessive activation of the innate immune system. Coronaviruses are 
enveloped positive-strand RNA viruses with the largest known RNA 
genomes (30–32 kb) that infect humans and a wide range of animals 
[12]. Double-stranded RNA (dsRNA), which is produced by most viruses 
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at the replication stage, can act as a pathogen-associated molecular 
pattern (PAMP)/ danger-associated molecular patterns (DAMP), leading 
to activation of several antiviral pathways critical for early defense 
against viral invasion, including toll-like receptor (TLR)3 [13]. The 
TLR3 downstream signaling includes the activation of dsRNA-dependent 
protein kinase (PKR), production of type I interferon (IFN), and RNA 
degradation [14]. 

Increased PKR activity by dsRNA sensing is reported to induce 
inflammation, oxidative stress, and apoptotic death, implicated in the 
pathogenesis of vascular diseases [15]. In fact, vascular smooth muscle 
cells (VSMCs) from the thoracic aorta of rats treated with high glucose, a 
well-known source for vascular dysfunction, showed increased PKR 
expression, accompanied by increased gene-level markers of 

inflammation, oxidative stress, and apoptosis. Incubation with selective 
PKR inhibitor, imoxin (C16), attenuated all these effects elicited by high 
glucose [16]. Moreover, increased PKR expression followed by vascular 
impairment and augmented inflammatory markers is observed in an 
experimental model of hypertension induced by L-NAME treatment 
[17]. These data suggested that PKR pathway activation by dsRNA 
through TLR3 [18] leads to vascular dysfunction and inflammation, 
possibly progressing to increased blood pressure and hypertension. Of 
importance, the components of the vascular wall are critical for regu
lating blood pressure and blood flow throughout the body. In this way, 
chronic inflammation in vessel structure is a pathological process that 
acts as a crucial contributor to the development of hypertension 
[19–21]. Investigations have reported that hypertension, diabetes, and 
cardiovascular diseases were the most prevalent comorbidities among 
patients with COVID-19, in which hypertension appeared consistently as 
the most prevalent risk factor [22–25]. 

Interestingly, several viral infections are associated with hyperten
sion or increased blood pressure, including human herpesvirus 8, cyto
megalovirus and human immunodeficiency virus 1 in primary 
pulmonary hypertension [26–29]. However, the mechanisms underly
ing viral infection and their contribution to hypertension are not fully 
understood, and dsRNA might be the link since TLR3 recognizes dsRNA 
produced by most viruses at the replication stage [13]. Likewise, this 
could also be one of the links between COVID-19 and its complications. 
As evidence, nasal instillation of Poly I:C, a synthetic dsRNA that acti
vates TLR3, led to the development of the acute respiratory distress 
syndrome and a cytokine storm [30], both symptoms often observed in 
severe COVID-19 patients. Interestingly, TLR3-deficient mice (Tlr3− /− ) 
did not developed increased blood pressure in response to angiotensin II 
infusion, suggesting that hypertension is dependent on activation of the 
TLR3-TRIF [31]. Another study reported that primary nasal epithelial 
cells infected by SARS-CoV-2 induced the expression of pluripotent stem 
cell (iPSC)-derived alveolar type 2 cells (iAT2) and iPSC-derived car
diomyocytes (iCM), which together, represent the host tissues likely 
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Fig. 1. The schematic hypothesis of the proposed mechanisms of TLR3 derived from SARS-CoV-2 leading to hypertension. SARS Cov-2 cellular entry and subsequent 
replication may trigger the immune system. dsRNA derived from SARS-CoV-2 nucleic acids trigs TLR3 leading to IRAK-dependent and –independent TLR3-mediated 
pathway, including PKR activation. Further, an inflammatory cascade is formed in response to this signaling which results in vascular damage, augmented blood 
pressure and hypertension. In this way, Sars-CoV-2 dsRNA may contribute to hypertension through the above pathway (dsRN/TLR3/PKR/vascular inflammation/ 
increased blood pressure). Key references: [13, 18, 39]. 
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affected by clinical SARS-CoV-2 infection, leading to PKR activation as 
well as viral dsRNA localized to perinuclear foci [32]. A case report with 
a 60-year-old man showed unusually rapid development of pulmonary 
hypertension and right ventricular failure after recent severe COVID-19 
pneumonia with cytokine release syndrome [33]. Furthermore, pulmo
nary hypertension and right ventricular failure are common complica
tions observed among patients aged under 55 years and displaying 
COVID-19 infections in a moderate pattern [34]. As COVID-19 infection 
is increasingly being associated with systemic and multi-organ 
involvement, encompassing cytokine release syndrome and thrombo
embolic, vascular and cardiac events, it could be a consequence of TLR3 
activation, which is known to play a role in the development of pre
eclampsia [35] and also to induce endothelial dysfunction and oxidative 
stress [36]. 

In this way, TLR3 activation through dsRNA increases blood pressure 
associated with several pathological conditions, as mentioned above. 
Due to the deleterious effects of this response on virus survival, coro
naviruses seem to be adept at evading host antiviral pathways induced 
by viral dsRNA-induced pathways that are essential components of the 
host innate immune response [32,37]. Therefore, our hypothesis is that 
the influx of SARS-CoV-2 to the cells [38] may be over activating the 
TLR3-related pathway, evoking further damage to the patients, favoring 
the development of several cardiovascular complications, including 
hypertension (Fig. 1). 

COVID-19 has been a challenging disease for the entire world. On a 
few occasions, humanity has addressed the same target efforts, aiming to 
reveal a relatively robust body of evidence in a minimal period. In the 
future, it will be incredibly challenging to investigate if, indeed, TLR3 
may be a target for SARS-CoV-2 infection and which pathways are being 
activated during this phenomenon, unveiling whether COVID-19 com
promises elements of the innate immune system to further damage the 
cardiovascular system. 
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