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Coronavirus disease 2019 (COVID-19), a mystified cryptic virus has
challenged the mankind that has brought life to a standstill. Catas-
trophic loss of life, perplexed healthcare system and the downfall of
global economy are some of the outcomes of this pandemic. Hu-
mans are raging a war with an unknown enemy. Infections, irrespec-
tive of age and gender, and more so in comorbidities are escalating
at an alarming rate. Cardiovascular diseases, are the leading cause
of death globally with an estimate of 31% of deaths worldwide out
of which nearly 85% are due to heart attacks and stroke. Theoret-
ically and practically, researchers have observed that persons with
pre-existing cardiovascular conditions are comparatively more vul-
nerable to the COVID-19 infection. Moreover, they have studied the
data between less severe and more severe cases, survivors and non
survivors, intensive care unit (ICU) patients and non ICU patients, to
analyse the relationship and the influence of COVID-19 on cardiovas-
cular health of an individual, further the risk of susceptibility to sub-
mit to the virus. This review aims to provide a comprehensive partic-
ular on the possible effects, either direct or indirect, of COVID-19 on
the cardiovascular heath of an individual.
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1. Introduction
Coronavirus disease 2019 (COVID-19), a viral conta-

gious infection caused by SARS-CoV-2, has led to global
health emergencywith devastating statistical rise in the num-
ber of positive cases worldwide. WHO reports of nearly
223 affected countries with 110,384,747 confirmed cases and
2,446,008 confirmed deaths as of 21 February 2021, depicts
the magnitude of this pandemic from its first reported case
dated back to 31 December 2019 [1]. The data on mounting
epidemiology, possible pathogenesis, clinical manifestations
are still being recorded and investigated, assisting the knowl-
edge and literature build up. According to WHO reports, as
of 18 February 2021, nearly seven different vaccines against
COVID-19 have been deployed. The logistics, public accep-
tance are few of the critical factors that need to be addressed
for successful implementation of the vaccine program. On

the other hand, researchers are yet to analyse, accumulate and
strategize the feasible treatment regime for the infected cases
to combat this virus [2].

Adding to the present difficulties, are the alarming in-
crease in the number of positive cases among people with
comorbidities. Cardiovascular system (CVS) related condi-
tions and disorders are seeking attention during the time of
COVID-19 due to the surge in fatalities reportedwith cardio-
vascular comorbidities. This requires attention as cardiovas-
cular disorders (CVD) are one of the leading causes of death
globally and its wide prevalence among the population pleads
recognition and surveillance [3]. Further, research claims to
have observed influence of COVID-19 on the cardiovascular
health of individuals [4]. Possible theories which are based
on the pathophysiology, observation and co-relating to the
previous infections of Severe Acute Respiratory Syndrome
(SARS) andMiddle East respiratory syndrome (MERS), have
led to the assumption that this virus can have either a di-
rect effect on the individual and their CVS or indirect effect
through the drugs administered in treating the virus (Fig. 1).
The relationship between the possibilities of such an alliance
can only be ascertainedwith evidence. Therefore, this review
addresses at providing a collective and comprehensive details
of COVID-19 on cardiovascular health.

2. Pathophysiological speculation of alliance
between COVID-19 and CVS

Regarding the course of the disease, we are handicapped
with limited information. With the data present and core-
lating with available literature, we try to unravel the com-
plex pathophysiological aspect of COVID-19 and CVS. Two
major aspects, 79.5% of genetic sequence and Angiotensin-
Converting Enzyme 2 (ACE2) as an entry receptor are the
similar features COVID-19 virus shares with SARS coron-
avirus (SARS-CoV) [5–12]. It is speculated that the affinity of
ACE2 receptor is 10–20 times greater for SARS-CoV-2 than
SARS-CoV [13].
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Fig. 1. Schematic representation of the possible relationship of the COVID-19 virus on the cardiovascular system.

ACE2, is known to be present in the lung, the heart, the
intestinal epithelium, kidneys and even the vascular endothe-
lium [14]. The physiological actions of ACE and ACE2 in the
CVS are depicted in the Figs. 2,3. High expression of ACE2 in
the heart wall to counteract angiotensin II action is well doc-
umented [11]. The possible hypothesis that we could come
across from different literatures is that the virus binds to the
ACE2 protein which acts as a receptor to the spike protein
of the virus. This broadly results in two outcomes: (1) The
ACE2 expression will be exhausted or reduced, and hence
ACE2 action on the heart will be hindered. (2) The possibil-
ity of the entry of the virus into the cell through the binding
to the ACE2 protein followed by endocytosis cannot be ruled
out as it is the necessary for the viral replication and viral load
deposition within the host [11].

This outline makes us ponder over the influence of the
ACE2 on the viral infection. ACE inhibitors (ACEi) and An-
giotensin II receptor blockers (ARB) are the common drugs
prescribed to individuals with CVD or related comorbidities
such as hypertension [15]. This leads us to speculate on the
expression pattern of ACE2 under the given circumstances.
Does it increase which in turn favours the entry of the virus
or is hampered which again adds to the existing complica-
tions. It remains unanswered. Therefore, the yin yang rela-
tionship of ACE2 during this specific era of COVID-19 is to
yet to be deduced.

Addressing the above query, a randomised clinical trial of
639mild tomoderate COVID-19 hospitalised caseswhowere
on ACEi or ARB prior to hospitalization were enrolled and
followed for a period of 30 days to determine whether dis-

continuation compared to continuation of the former drugs
changed the number of days alive and out of the hospital
while the secondary outcomes assessed included cardiovas-
cular death and COVID-19 progression. It was observed that
there was no statistically significant difference in the num-
ber of days alive and out of the hospital in the discontinua-
tion groupwhen compared to the continuation group, also in
COVID-19 progression or cardiovascular death between the
groups. Though the study has few limitations, these findings
reported do not support routinely discontinuing the former
drugs in mild to moderate COVID-19 hospitalised cases if
there is an indication for treatment [16]. Further, analysis of
a larger population directing towards the limitations is neces-
sary to understand the biologics to these drugs in COVID-19.

3. Other viral infections and their relation
with CVS

MERS and SARS, are considered as the predecessors of
COVID-19, reasons being similar family background, iden-
tical morphology, characteristic behaviour and clinical man-
ifestations [17]. Literature provides with data that the pres-
ence of comorbidities and underlying CVD are complications
that hinder the prognosis of a patient positive with either of
these infections [18]. The prevalence of CVD in SARS was
nearly 8%, whose sole presence or with other comorbidities
increased the mortality rate to 12-fold, according to some
studies [19, 20].

The possibility of direct viral cardiomyocyte damage can-
not be ruled with the detection of the SARS-CoV in nearly
35% of SARS patients [21]. Hypotension, bradycardia, tachy-
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Fig. 2. Schematic representation of physiological action of ACE and ACE2 in the heart. ACE and ACE2 present with opposing actions as listed in the
diagram. The actions of Angiotensin II can be further cleaved by ACE2 to bring about its effects.

Fig. 3. Schematic representation of the possible relationship of COVID-19 viruswith ACE2. ACE2, is not only present in the heart, but also the lungs,
kidney, intestinal epithelium and even the vascular endothelium. The mechanism of reduced expression of ACE2 due to its binding and its possible entry into
the cell are based on the similarity with SARS-CoV.

cardia, cardiomegaly, arrhythmia and even cardiac arrest
were some of the cardiovascular manifestations observed by
few studies during SARS [22–24]. In MERS, prevalence
of hypertension in 50% cases and CVD in 30% cases was
recorded [25]. According to a case series on MERS, con-
tributing role of myocarditis was undeniable in defining the

mortality rate [26]. Other cardiovascular manifestations re-
ported by studies on MERS were acute cardiac injury, shock,
arrhythmias and acute onset heart failure [22, 27, 28]. There-
fore, the relationship of COVID-19 with CVSmay be similar
or even pronounced as seen with MERS and SARS.
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4. Do comorbidities entice SARS-COV-2
virus?

Evaluating the most vulnerable population is the initial
tread in the collection of particulars with respect to any dis-
ease. Two prominent findings, older age group and popula-
tion with comorbidities, are identified to be more susceptible
to COVID-19 infection and its progression [28, 29]. Studies
have recognised underlying diabetes, hypertension, history
of coronary or lung diseases as prognosticators of infection
progression [29–32]. Therefore, do CVD or its comorbidi-
ties influence COVID-19? The National health Commission
of China reports a prevalence of 35% hypertension and 17%
of coronary heart disease in positive cases. A recent meta-
analysis of 46,248 positive cases from eight studies in China
presents with nearly 17% with hypertension and more than
5% with CVD as comorbidities for COVID-19. Studies have
also reported that intensive care unit (ICU) patientswith pos-
itive confirmation present with comorbidities than non -ICU
admitted patients [33]. Various studies reported similar find-
ings in individuals with comorbidities who have contracted
the viral infection [34–37]. A prevalence of 15%–32.6% and
2.5%–15% for hypertension and other cardiovascular disease
have been reported [38, 39]. Therefore, positive cases with
CVDmay present with comparatively increased adverse out-
comes.

5. Are cardiovascular complications a
finding in COVID-19 infection?

Cognizance of disturbed homeostasis and prevalent insta-
bility of an environment with viral infection is well docu-
mented of which viral infection induced systemic inflamma-
tion and increase in metabolic demand are prominent fea-
tures [22]. Studies have reported both, the adverse outcomes
due to underlying CVD and the viral infection itself, may
be responsible or is associated with complications of CVS in
COVID-19 positive individuals [40, 41]. A study reported
nearly 7.2%–27.8% of positive patients with acute cardiac in-
jury [22, 42], 8.7% with shock, 16.7% with arrhythmias pro-
viding evidence of the presence of CV complications in pos-
itive COVID-19 cases. Further, such a pronounced finding
was also accompanied with an increased prevalence for the
need for an ICU [43].

Various studies have reported a range of nearly 7% to
28% of COVID-19 positive hospitalized cases with cardiac in-
jury [29, 31, 38, 39]. This finding further impinges on the
older and related comorbidity population [38, 39]. On de-
velopment of ARDS, a study in China has reported a me-
dian duration of 15 days for the onset of acute cardiac injury
[29, 31]. Studies have not only reported high prevalence of
both electrocardiographic and echocardiographic abnormal-
ities in positive patients, but also corelated the findings with
severe disease and poor prognosis. They were also able to
correlate that these findings were common in hospitalized
patients [31, 34], more pronounced in ICU admissions and
even more strikingly prominent in non survivors [31]. Re-

cent studies have reported the development of acute cardiac
injury as a sole finding, without the detection of respiratory
problems [29, 44]. Shi et al. [39], reported in his case series
that based on the highermortality rate evident in hospitalized
positive cases with cardiac injury than those in absence of it,
could emerge as an independent prognostic variable.

Arrythmias, either unspecified [28, 29] or specific ven-
tricular arrythmias [38] have been reported in different case
series of hospitalized COVID-19 patients. Studies have re-
ported heart failure as a complication and also a reason for
mortality among COVID-19 patients [44–46]. According to
Zhou et al. [31], heart failure was recorded in nearly 23%
of positive cases. Further, studies have also analysed that it
could be a sole reason for death in the absence of respira-
tory failure [26]. Supporting the data, the China NHC has
reported a surge in troponin levels or cardiac arrest in hospi-
talized patients without any known CVD [16, 41].

Further, reports do suggest the destabilisation of the coro-
nary plaque and the subsequent myocardial infarctionmay be
the result of inflammation due to the COVID-19 [43]. Lit-
erature also reports of the presence of interstitial mononu-
clear inflammatory infiltrate within the myocardial tissue
in COVID-19 patients, thereby providing evidence for my-
ocarditis [47]. On the contrary, few case series from severely
ill COVID-19 patients in Seattle, have reported absence of
cardiac dysfunction by echocardiogram [48]. However, stud-
ies on their presence and role as a prognostication factor have
to be further delineated.

6. Cardiac biomarkers: a supporting evidence
Markers which relate to disease identification, progres-

sion, analysis of severity are considered to be ideal for eval-
uation. Studies have reported with a steady increase in in-
flammation markers, coagulation and cardiac markers in in-
dividuals during the course of the infection [38, 39]. Higher
mortality rate was related to active surge in troponin levels.
According to the results of a systematic review and meta-
analysis conducted by Jing-Wei Li et al. [49], mean troponin
values, creatine kinase-MB, NT-proBNP values were signif-
icantly higher in severe cases when compared to less severe
ones. Aforementioned study also analysed a dynamic surge
in troponin and NT-proBNP values in non survivors dur-
ing their course of hospitalization while not so significant
changes in survivors [49]. A meta-analysis on 17,794 pa-
tients from 56 studies explored the association between the
cardiac biomarkers and the severity andmortality in COVID-
19 patients. They observed that patientswith elevated cardiac
troponin I and Aspartate aminotransferase (AST) levels were
more at a risk of developing adverse outcomes. These mark-
ers may also aid in identification of high risk population [50].
However, it is important to consider other variables in addi-
tion to these markers.
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7. Evidence provided through coagulation
factors

Disorganised coagulation system evaluated through pro-
longed prothrombin time, activated partial thromboplastin
time were among the initial findings of hospitalised COVID-
19 severe cases [28, 29, 34, 51–55]. Cui et al. [56] retrospec-
tively analysed 81 severe COVID-19 cases in ICU for coagu-
lation parameters and lower limb vein ultrasonography. 25%
patients were reported to have developed lower limb venous
thrombosis. Further, longer activated partial thromboplastin
time and elevated D-dimer levels were a common observa-
tion and hence, suggestive of their role as prognosticators.

Literature reports that in COVID-19 cases, elevated D-
dimer, was found in 46% of cases; was a prominent finding
in non -survivors when compared to survivors; was an ev-
ident finding in ICU cases than non- ICU cases. It was also
reported that a D-dimer level on admission if greater than
1 mg/L posed an 18 times increased risk of mortality [57].
Studies have also reported that in COVID-19 cases with high
D-dimer levels, present with a comparatively lower mortal-
ity rate on treatment with heparin than those without hep-
arin treatment [58]. The elevated D-dimer levels, being a
sign of excessive coagulation activation and hyperfibrinoly-
sis, can detect the presence of active thrombus and also can
aid inmonitoring the anticoagulant effectiveness. Therefore,
D-dimer may be a good indicator to detect high risk groups
of venous thromboembolism. However, it is one among the
various factors and hence further studies are required for bet-
ter exploration [56].

Nearly 21–25% of venous and arterial thromboembolic
events were reported in COVID-19 cases, predominantly
in ICU patients [56]. Though studies have reported mild
thrombocytopenia in 70–95% of severe COVID-19 cases, it
is reported to be an important disease prognosticator [57].
Increased lactate dehydrogenase (LDH), high ferritin concen-
tration are some of the other evidences on coagulator factors
noted in COVID-19 cases. Further, post-mortem findings
have also contributed to the evidence by the detection of mi-
crovascular platelet rich thrombotic depositions among the
small vessels of the lungs and other organs. Further, 71.4%
non survivors met the disseminated intravascular coagula-
tion (DIC) criteria [52]. All the above evidencemanifests that
hypercoagulable state, immobilization, vascular damage, ve-
nous and arterial thrombosis suggest a low grade DIC and lo-
calised pulmonary thromboticmicroangiopathy contributing
to organ dysfunction in COVID-19 cases.

8. Pronounced cardiac manifestations in
COVID-19
8.1 Acute coronary syndrome and COVID-19: a relationship to be
defined

The pathophysiological link and relationship of SARS-
CoV-2 with acute coronary syndrome (ACS), a clinical spec-
trum ranging from ST-segment elevation myocardial in-
farction (STEMI) to non-ST-elevation myocardial infarction

(NSTEMI) or unstable angina with/without myocardial in-
jury is yet to be defined. However, the risk of myocardial
infarction (MI) in the setting of respiratory infectious dis-
eases is well documented through retrospective and prospec-
tive studies on influenza, pneumonia, acute bronchitis and
other respiratory infections. Similarly, studies have reported
MI in COVID-19 cases. Post-mortem studies of acute respi-
ratory failure (ARF) cases in such a scenario, have suggested
a prevalence of 5%–25% of undiagnosed acute MI. The possi-
ble mechanisms postulated for MI development are: (1) Re-
duced oxygen supply due to severe hypoxemia in ARF leads
to activated sympathetic system and hence increased heart
rate, cardiac output and contractility to meet the myocar-
dial oxygen demand [59]; (2) Destabilization of atheromatous
plaques by activation of inflammatory cells due to the circu-
lating cytokines such as TNF-α, IL-6, IL-1β, IL-8 and IL-10
[52–55, 59] generated by the established pro-inflammatory
environment exposes the thrombogenic elements, and hence
thrombus formation which could lead to MI, multiple organ
microangiopathy and coronary thrombosis; (3) Platelet ac-
tivation through the genetic expression of these respiratory
viruses have also been considered as a risk factor for MI. It
is proposed that the above-mentioned mechanisms may hold
true for SARS-CoV-2 and acute MI too [59].

8.2 COVID-19 with STEMI with and without obstructive CAD

A systematic review by C Diaz-Arocutipa et al. [60] anal-
ysed 35 case reports and 7 case series of COVID-19 posi-
tive patients with STEMI, where differences with and with-
out obstructive coronary artery disease (CAD) were evalu-
ated in patients on coronary angiography. While 83% had
obstructive CAD; 17%, a relatively high proportion of them
had non obstructive CAD with diffuse distribution of ST-
segment elevation. Overall, the prognosis was poor across
groups with 30% in-hospital mortality rate. In accordance
with the above review, M. Saririan et al. [61] reported a
case series where three confirmed COVID-19 positive pa-
tients with STEMI presented with negative angiographic ev-
idence of atherothrombotic type I MI thereby suggestive of
type II MI. All the three patients had patent coronary arteries
on coronary angiography. Moreover, they were able to pro-
vide evidence of ischemia without thrombosis or myocardi-
tis in the myocardial tissue on post-mortem examination of a
case. Lastly, the authors state that, further systematic inves-
tigation in consecutive patients may be necessary to identify
STEMI with patent coronary arteries in COVID-19 positive
cases.

8.3 Arrythmias and COVID-19

Literature reports 44.4% of cardiac arrythmias in severely
ill hospitalised COVID-19 patients, however, the type of ar-
rythmia is not specified [62]. Multifactorial origin, compris-
ing of cardiac injury, acute decline in cardiac hemodynamics,
hypoxemia in acute respiratory distress, inflammatory envi-
ronment, direct myocyte viral invasion and even usage of
QT prolonging medications are proposed for the high inci-
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dence of arrythmias noted. To-date, post mortem reports
have failed to provide evidence of the viral detection in the
cardiac conduction tissue such as the His-Purkinje system in
COVID-19 patients with cardiac arrythmias, while success-
ful detection of the virus in the myocardial tissue by RT-PCR
and electronmicroscopy was reported. Atrial arrythmias was
the most common type with 31% electrophysiologic consults
as reported at Columbia university for COVID-19 cases dur-
ing the peak of the pandemic and also where mechanical ven-
tilation was a necessity. In contrast, while atrioventricular
block accounts to 12% of arrythmias, ventricular arrythmias
(VA) accounted for 7% of the consults in COVID-19 cases.
Apart from structural heart diseases, ventricular tachycardia
(VT) and ventricular fibrillation (VF) are considered as pri-
mary risk factors for mortality in positive cases. Few studies
have also reported that SARS-CoV-2 can act as an arrhyth-
mogenic trigger, hence precipitate arrhythmias, thereby ef-
forts are needed to understand the pathophysiological mech-
anisms that link them [62–64].
8.4 Prolonged QT and COVID-19

Literature reports that QT (QT) prolonging drugs, hy-
droxychloroquine (HCQ) and azithromycin (AZ), was a
worldwide adapted initial therapy for COVID-19 cases.
However, the prolonged QT interval is an established risk
factor for sudden cardiac death due to cardiac arrhythmias
is also well documented. Therefore, the advantages over its
limitations have to considered. A Study by Bernardini et al.
[65] assessed the effect of HCQ individually and in combi-
nation with AZ on QT interval and its outcome in 112 con-
secutive COVID-19 cases. They concluded that the combi-
nation therapy caused a significant prolongation of QT in-
terval when compared to HCQ alone and did not record any
arrhythmic fatalities thereby suggesting that the drugs may
be considered safe in relation to the arrhythmic activity in
COVID-19 cases. Another study by Gasperetti et al. [64] re-
ported administration of HCQ safe for a short duration on
evaluation of ECG modifications and arrhythmic events in
648COVID-19 cases and observedmodest QTc prolongation
and lack of evidence of direct attributable arrhythmic deaths.
O’Conell et al. [66] concluded in a retrospective cohort study
on 415 COVID-19 hospitalised cases treated with HCQ/AZ
therapy, that several clinical factors such as age, body mass
index, heart failure, elevated creatinine and peak troponin
were associated with prolonged QTc and these changes were
not associated with mortality. In contrast to the above stud-
ies, Rosenberg et al., Geleris et al., Cavalcanti et al. stud-
ies have provided evidence of increased risk of cardiac arrest
with prolongedQT interval onHCQ/AZ therapy in COVID-
19 cases suggesting that the treatment regimen lacks efficacy
and hence terminate their usage in COVID-19 cases [63].
Therefore, numerous factors have to be considered in deci-
sion making.

9. COVID-19 therapeutics influence on CVS
Drug repurposing/repositioning is the current treatment

strategy followed by themedical fraternity to control the viral
load and provide symptomatic treatment for COVID-19. Ad-
verse CVS effects due to the therapeutics administered can-
not be ruled out.

Arresting viral genome replication is considered to be a
priority to restrict or inhibit its housing within the cells.
Remdesivir, is the most widely studied drug based on its role
during Ebola epidemic whose mechanism is to combat the
replication by blocking the incorporation of nucleotides to
the viral RNA strand [67–69]. Though its behaviour and in-
teractions with other drugs are yet to be recorded and evalu-
ated, the possibility of hypotension and cardiac arrest cannot
be ruled out as reported after a loading dose in an Ebola case
[5, 69, 70].

Lopinavir/ritonavir are the common antiviral drugs used
in the treatment of HIV by inhibiting the viral replication
[71]. However, their use may result in prolongation of
QT and PR leads interval, affect anticoagulant dosing which
might require either reduction or emission of drugs such as
rivaroxaban [72, 73]. Possibility of myopathy due to its reac-
tion with statins group of drugs like lovastatin puts the med-
ical fraternity on alert during its use for COVID-19. Rib-
avirin, another antiviral drug administered in Hepatitis C,
has been recorded to presentwith variable effects onwarfarin
dosing [74].

Chloroquine and Hydroxychloroquine, well established
antimalarial drugs do present with myocardial toxicity [5,
14]. Another drug administered with possibility for devel-
opment of hypertension and interaction with warfarin is
methylprednisolone [5].

Antibiotics, such as azithromycin, vancomycin used to
combat secondary bacterial infections are medications with
side effects on CVS, such as arrhythmias, hypotension to
name a few [75].

Apart from the drugs administered to combat the viral in-
fection, the very existing comorbidities and the CVD pose a
challenge as the regular administration of the cardiovascular
drugs may complicate the drug dosage, interactions and their
effectiveness. Further, the presence of sodium in some of the
formulations itself needs to be monitored, most importantly
in in heart failure patients [76]. These hinderances puts the
medical fraternity on toes for constantmonitoring and devis-
ing individual treatment plan based on the patients underly-
ing condition, the action of the drugs and patient’s reaction,
the contraindications and complications associated.

10. Multidrug treatment for high-risk
SARS-CoV-2 infection

Studies report that initial stage of SARS-CoV-2 infection
provides an opportunity through sequenced multidrug ther-
apy (SMDT) to check the viral replication and reduce the
risk of progression to severe sequelae in high-risk patients.
This mode of treatment with an acceptable benefit to risk
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profile could prevent hospitalization and emergency situa-
tion especially in high-risk individuals. Researchers state
that early and prompt initiation of SMDT is currently the
only widely available solution comprising of (1) adjuvant nu-
traceuticals such as vitamin C, vitamin D; (2) anti-infective
therapy including antivirals like ivermectin, hydroxychloro-
quine, favipiravir, and antibiotics such as azithromycin and
doxycycline; (3) inhaled or oral corticosteroids like budes-
onide, dexamethasone (4) antiplatelet or anticoagulants like
aspirin, apixaban and (5) supportive care. This therapeutic
mode developed empirically based upon pathophysiology and
evidence from randomised data have proved to be effective in
reducing hospitalization, avoid progression to cardiovascular
complications, reduced risk of cardiac injury and thereby de-
creased mortality [77, 78].

11. Conclusions
Though, we face a dearth of literature to back the as-

sumptions and possibilities, inductive reasoning with the
data available are the best guidance for decoding and under-
standing the possible influences of COVID-19 on cardiovas-
cular health of an individual. This is the need of the hour,
which helps in early recognition of the vulnerable popula-
tion, recognising the action and reaction of the body to the
viral load, gauging the benefits over the damage during se-
lection of therapeutics in this war against COVID-19.
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