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GeneTIc SUbSTRaTe oF caRDIovaScUlaR InjURy In SaRS-cov2 InFecTIon (ab-
stract): covID19 (coronavirus disease 2019) is a disease caused by a new strain of coronavirus 
known as SaRS-cov2 (Severe acute Respiratory Syndrome coronavirus 2), with a significant 
virulence, which caused a global expansion in a very short time. clinically, the manifestations are 
extremely polymorphic, from asymptomatic patients to deaths, due to multiple organ dysfunctions. 
The virus can cause cardiac injury (myocarditis, pericarditis, vasculitis and arrhythmias) even in 
young patients, without known risk factors or comorbidities. This review draws attention to the 
involvement of genetic factors, identified so far as modulators of the risk of SaRS-cov2 infection, 
in the occurrence of cardiac manifestations. Myocardial ace2 expression and TMPRSS2 coexpres-
sion appear to be directly related to adverse outcome. also, the newly reported defects in the 
TlR7 gene represent the immune deficiency that increases the risk of progression to a severe 
disease with multiple organ dysfunctions. In order to identify the optimal treatment of cardiovas-
cular diseases and to minimize the long-term effects, it is necessary to monitor the long-term 
health of cured patients. Key-words: SaRS-cov2, caRDIac InjURy, GeneTIcS

IntRoductIon

covID19 (coronavirus disease 2019) is a 
disease caused by a new strain of coronavirus 
known as SaRS-cov2 (Severe acute Respira-
tory Syndrome coronavirus 2). The strain was 
identified in late 2019 in china’s Hubei Prov-
ince from the respiratory tract of patients with 
pneumonia of unknown etiology (1). on 11 
March 2020, covID19 was declared a pan-
demic by the WHo (2). Until 12.04.2021, 
135,940,958 cases were registered on all con-
tinents, of which 2,962,006 were deaths (3).

SaRS-cov2 is a positive single-stranded Rna 
virus, one of the largest Rna viruses (~ 30kb). 
Its genome contains between 13-15 reading 
frames (oRF / open reading frames), of which 
12 are functional. The first reading frame, oRF 
1a / b contains the genes for non-structural 
proteins (nSPs), involved in replication (repli-

cases), proteolysis (proteases), and transcrip-
tion, then, towards the end of 3 ‘are the genes 
for the 4 main structural proteins S (spike), M 
(membrane), e (envelope), n (nucleocapsid) (4).

Genetically, nSPs are more conserved in the 
coronavirus family, while structural proteins 
vary, giving them a degree of adaptability to 
hosts. S proteins are used to bind to the host 
receptor, SaRS-cov2 being thus attached to 
the eca2 receptor. Thereby, the virus enters 
the cell and its genome adheres to the ribo-
somes to be transcribed, resulting in very large 
polyproteins that will be processed by 3 main 
enzymes: 3clpro, Plpro, and RdRp. The first 
two enzymes cut the polyproteins into small 
proteins that will be packaged into virions. 
RdRp is an essential enzyme in the replication 
of the viral genome (4, 5).

Genetic implications can be observed in both 
clinical manifestations and at the cellular level 
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in patients with SaRS cov2 infection that as-
sociate heart disease.

clInIcal ManIfEStatIonS
SaRS-cov2 infection stimulates the devel-

opment of various cardiovascular diseases, such 
as: fulminant myocarditis, hypertension, ar-
rhythmias, long QT syndrome, heart failure.

Thus, Ruan et al. reported the first deaths 
in china due to fulminant myocarditis caused 
by SaRS-cov2 infection. These findings drew 
attention for the first time to the potential risk 
of cardiovascular death within a very short time 
after the onset of Sars-cov2 infection (6). In 
another recent study, Puntmann et al. evaluated 
100 patients with covid-19 infection through a 
cardiac MRI. after clinical healing and nega-
tive RT-PcR tests for SaRS-cov2, 78 patients 
had post-infection cardiac lesions and 60 pa-
tients had signs of active inflammatory myocar-
ditis. The cardiac injury was independent of 
comorbidities, the severity of the disease and 
its evolution from the time of diagnosis (7). an 
increased level of interleukins was observed in 
this category of patients. Il-6 is commonly 
used to assess inflammatory status in cardio-
vascular disease. Genetic variants that deter-
mined an increase of the circulating levels of 
the Il-6 receptor and therefore reduced cellular 
Il-6 signaling have been shown to protect 
against coronary heart disease. Similarly, tran-
scellular signaling of Il-6 is associated with 
increased cardiovascular risk. The canakinum-
ab anti-Inflammatory Thrombosis outcomes 
Study (canToS) demonstrated that a consider-
able inhibition of Il-1b significantly reduces 
secondary cardiovascular events in patients with 
higher circulating levels of Il-6 and c-reactive 
protein (cRP), indicating thus the existence of 
a residual inflammatory risk. It is still unknown 
whether the observed cytokine storm accompa-
nied by increased Il-6 in patients with cov-
ID-19 is transient or sustained. consequently, 
monitoring the inflammatory biomarkers in 
these patients in the medium and long term is 
of major importance (8, 9). Similarly, cardio-
vascular risk should be closely assessed during 
the response to the acute phase in the following 
years after the infection. The occurrence of 
heart failure is a common complication, the 
sequelae being present in a large number of 
cases (10).

SaRS-cov2 infection is associated with a 

status of hypercoagulability, thus venous throm-
bosis (including pulmonary thromboembolism) 
may be part of the clinical picture. These com-
plications can develop in the evolution of the 
disease but also can appear from the beginning. 
Detection of viral Rna in the blood has been 
associated with severe pathologies, including 
organ damage (lung, heart, kidneys), coagu-
lopathy, and mortality (11, 12, 13, 14).

another complication encountered both in 
the acute and post-infection period is the in-
crease of the blood pressure values. a cohort 
study conducted in china, which included 1099 
patients, showed the occurrence of hypertension 
in 165 patients (13%), and 24% of them had 
severe covid-19 infection (15). another study, 
also in china, this time with a smaller number 
of patients (191), observed the occurrence of 
hypertension in 30% of patients (58) (16). High 
blood pressure was the most common comor-
bidity encountered in patients with SaRS-cov2 
in Italy, studies showing that 73.8% of the 
patients are affected. Moreover, they mention 
that 52% of hypertensive patients were under-
going treatment with ace inhibitors or sartan. 
The onset of hypertension in this category of 
patients could be due to old age, the severity 
of SaRS-cov2 infection, or pre-existing vascu-
lar damage (17).

The most important determining factor of 
the risk of malignant arrhythmias in patients 
with long QT syndrome or acquired QT prolon-
gation is the use of drugs that prolong this in-
terval in severe manifestations of covID-19. 
In addition, several treatments may alter the 
drug’s metabolism, an example being due to 
the inhibition of cytochrome P450 3a4 (cy-
P3a4), which may further increase plasma lev-
els of QT-prolonging drugs and thus the risk of 
malignant arrhythmias. a special interest is 
given to the patients diagnosed with covID-19 
that receive chloroquine and hydroxychloro-
quine. These two drugs may have a significant 
beneficial effect, but both chloroquine and hy-
droxychloroquine are metabolized by cyP3a4. 
covID-19 treatment with hydroxychloroquine 
may be combined with additional antiviral treat-
ments, such as ritonavir plus lopinavir (both 
drugs strongly inhibit cyP3a4; their combi-
nation is associated with QT prolongation), 
azithromycin (in addition to being a macrolide 
antibiotic, is investigated for its antiviral prop-
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erties, with weak inhibition of cyP3a4 and 
associated with QT prolongation), or remdesi-
vir (an intensively studied drug for which the 
metabolism and possible effects of QT prolon-
gation are not yet known). The combination of 
hydroxychloroquine with these drugs could thus 
lead to higher plasma levels and a significant 
prolongation of the QT interval. Therefore, 
close and frequent monitoring of the QT inter-
val as well as of the heart rhythm in patients 
receiving this combination is recommended, 
given the increased risk of malignant arrhyth-
mias (18).

thE pathophySIoloGIcal 
SubStRatE of caRdIac InjuRy

It is not yet clear why the picture of SaRS-
cov2 infection is so polymorphic, but struc-
tural and in-vivo experiments have shown that 
the virus uses the angiontensin 2 conversion 
enzyme receptor (eca2) to enter cells (19, 20). 
It requires the coexpression of a serine pro-
tease, called TMPRSS2, which hybridizes to 
the S1 protein (spike) of the virus. TMPRSS2 
in turn is activated by other enzymes, mainly 
by cathepsins l, b, and furin. Thus, a complex 
is formed that can be internalized by endocyto-
sis (21, 22). Xin Zou et al. have demonstrated 
by sc-Rna (single-cell Rna) sequencing that 
up to 7.5% of myocytes have increased eca2 
receptor expression, which advocates the pos-
sibility of cardiac viral replication, proving thus 
that this multiplication is not only in the res-
piratory tract. In clinical practice, this is trans-
posed by the onset of heart failure, myocardial 
infarction, hypertension, or other heart dis-
eases in covID-19 positive patients (23).

chanGES at thE cEllulaR 
lEVEl

Robinson et al. hypothesized that different 
regulation and expression of some genes in aged 
myocytes could explain the development of car-
diac complications in some patients. Their study 
demonstrated that gene expression for ace2, 
TMPRSS2, furin, and cathepsin is higher in 
myocytes in patients aged 63 to 78 years com-
pared to patients aged 19 to 25, putting the 

former in the increased risk category for car-
diac viral replication and cardiac complications 
following SaRS-cov2 infection (21).

another observation of the above study re-
garding cardiomyocytes is their vulnerability to 
viral infections, which is combated by generat-
ing an interferon 1 (IFn1) response. However, 
a recent study by van der Made et al., demon-
strated the presence of some unreported muta-
tions at the TlR7 (Toll-like receptor 7) level in 
two young patients with very severe evolution 
of SaRS-cov2 infection. This type of mutation 
has been associated with an inefficient or absent 
IFn-1 and IFn-2 response, leaving a gateway 
to multiple organ dysfunction, including the 
heart, in these cases (24). 

cardiac impairment is further supported by 
a study that performed single-cell sequencing 
of the human adult heart. The study showed 
that there is an increased expression of ace2 
in the pericytes. These may represent the SaRS-
cov2 gateway to the heart. The binding domain 
to the eca2 receptor is represented by residues 
441leu, 472Phe, 479Gln, 480Ser, 487asn, 
491Tyr from the S protein (Spike) (25). 

Pericytes injury can cause capillary endothe-
lial dysfunction and can induce microvascular 
dysfunction. These are very important risk fac-
tors for triggering disseminated thrombosis. 
also, patients with pre-existing cardiac disease 
have increased expression of both mRna and 
eca2 protein at the cardiac level, which means 
that they may have an increased risk of cardiac 
complications if infected with the new corona-
virus (20, 26, 27).

concluSIon

In conclusion, there is a molecularly dem-
onstrated concordance between cardiac comor-
bidities and the severe course of SaRS-cov2 
infection, but genetic polymorphisms and un-
known mutations may put seemingly healthy 
patients at risk.

The hypotheses launched so far partially 
answer the questions related to the variability 
of the clinical picture in covID infections. 
What is for sure is that there is no single cause 
for the severity of an infection.
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