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Abstract: In the present situation, the consequence of the Angiotensin-Converting Enzyme inhibitors
(ACEiI) and Angiotensin Receptor Blockers (ARB) is being questioned since its usage has increased
progressively due to its significance in the medical field as lifesaving drugs associated with
cardiovascular diseases and renal failure. The novel study of these by researchers all around the world
is showing varied opinions. Hence, the usage of the above-inhibitors in COVID-19 patients is reviewed,
also discussing its pharmacological importance. This review is about the coronavirus's efficiency to
develop in hosts who are in the regular treatment of ACEi and ARB. Besides, there is also a detailed
mechanism of the coronavirus's attack on the host, which is reviewed. This gives a brief idea adopted
for conventional approaches. It is also a detailed study of the ACEI/ARB in COVID-19 patients. It is
believed this review particularly will help give a clear idea of ACEI/ARB in treating patients already
suffering from the COVID-19 disease and help the further researchers in considering its use further for
treating COVID-19 patients and to categorize it as a threat or not.
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1. Introduction

Severe Acute Respiratory Syndrome Coronavirus-2 (SARS CoV-2) resulting in
COVID-19, invading to the host cells by angiotensin-converting enzyme 2 (ACE2), bring about
higher risks regarding cardiovascular diseases. It is noted that more than 7% of the infected
host will suffer from myocardial injury critically [1]. Hence Angiotensin-Converting Enzyme-
2 inhibitors (ACEZ2i) and ARB have to be investigated further, despite ACE2 proven as the
portal of infection. ACE2 is the regulator, a molecular receptor for the SARS CoV2 virus [2].
Moreover, this is the reason whether ACE2i administered patients are at higher risk of
infections and, therefore, should be taken off the medication. We are fortunate enough to find
some therapies under active working status for the prevention of COVID-19 and, thus, for its
treatment.

Alongside, considerations to stress more on the importance of the infected patients'
autopsy to ensure the ACE2 expression in both heart and lungs post the infection. As surveyed
from a few reports, a 77 years old man autopsy revealed damage in alveolar tissues, persistent
inflammation, and a 42-year-old man autopsy showed acute bronchopneumonia with evidence
of aspiration [3]. Platelet fibrin thrombi in the arterial vessels are in harmony with
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coagulopathy. This has been important in COVID-19 patients and stressed for the main targets
of therapy according to the interpretation from the autopsy study [4]. It is also studied that
patients have known for their preexisting comorbidities with cardiovascular disease, most
frequently, also show high risk associated with COIVD-19 [5].

It is possible to check ACEi and ARB's effect over the expression of ACE2 in the lungs
by acute lung injury models in animals. Thus, it can ensure the probability of risk in infected
patients who are clinically administered with ACEi and ARBs or any other cardiovascular
drugs. Pulmonary inflammation severity can also be analyzed in these cases. ACE2 is on a
protective role for both lung and cardiovascular injury. In contrast, for uninfected patients, we
are still of the opinion that ACEi and ARBs should not be discontinued as there is no proof to
hold up the hypothesis that SARS-CoV?2 infection increases with the usage of ACEi and ARB.
On an assertion, ACEi and ARBs protect patients from potential heart and lung injuries in
COVID-19 as they can block the Renin-Angiotensin System (RAS). Now it is in no immediate
call that the initiation of ACEi and ARBs be done as no evidence is claiming the continuity of
life of COVID-19 patients. More clinical research and laboratory evidence are needed to prove
the external addition of Recombinant Human Angiotensin-converting Enzyme-2 (rhACE2) to
help combat and treat COVID-19 [6].

The liability of the infectious medical condition based on the emerging findings of
COVID-19 has the quickest influence on clinical practice. The present knowledge to talk about
the fiery issue is fragmented and not developed; this necessitates further research work and
proper communications amongst the persons in the medical field and scientist in the said area.

2. Chronicle

In a stretch, the other zoonotic viruses that were witnessed in 2002-03, Severe Acute
Respiratory Syndrome (SARS) epidemic, and Middle East Respiratory Syndrome (MERS-
CoV) hold a high rate of fatality of 9.6% and 34.4%, respectively. COVID-19 has proved itself
the most fatal amongst the three, with a greater rate of infectivity and high-risk attack  [7].
Past in the scene, the understanding of this novel virus, which is evolving as havoc at this stage,
is only through the limited information in the literature, giving an idea of the early experience
with COVID-19 and insights from the earlier illnesses of coronavirus, specifically MERS and
SARS. SARS-CoV2 is due to a novel enveloped RNA B-coronavirus [8], an unsegmented,
single-stranded, positive-sensed genome associated with the family; coronaviridae [9]. There
are seven species of the former, which are known to cause infections in humans. Four are
marked mainly for causing flulike symptoms and the rest three in causing potentially fatal
illness. To name them, it is SARS, MERS, and presently COVID-19. It is in bats, which is
believed to be the initial zoonotic host according to a working theory that several SARS-related
coronaviruses has been discovered since its genome is in 96.2% match with that of bat
coronavirus [10].

3. Analytical and epidemic countenance

The unfolding of the SARS-CoV2 has given out an unmatched provocation for the
entire community of healthcare worldwide. High infectious rate, the ability of transmission
through an asymptomatic phase, and comparatively low virulence have shown an accelerated
transmission of this novel coronavirus afar the geographic restrictions, resulting in a pandemic.
The very first case for this virus, popularly called coronavirus disease 2019 (COVID-19),
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showed up in Hubei, China, on 8 December, 2019 [7]. Thenceforward, just like a wink of an
eye, say probably 3 months, this virus and its infections have spread out on a large scale in
almost all the 177 countries across the world, with an approximate number of 12,929,306 cases
being confirmed and 569,738 deaths (WHO statistics as on 14 July 2020 [11]. Similar to MERS
and SARS, the primary target for COVID-19 is the respiratory tract. COVID-19, in many cases,
has occurred as pneumonia [12], alongside or without both cardiogenic and distributive shock
[13], to those patients with prior medications [14] are often vulnerable [15]. The cardiovascular
system is also showing predicted involvement in many dissimilar modes. Assumingly below is
the probable mechanism responsible for the cardiovascular impediment in COVID-19 [16].

Direct myocardial injury - ACE2 is an aminopeptidase enzyme highly exhibited in the
heart [17] and lungs [18]. ACEZ2 has the main role in the cardiovascular system's neurohumoral
regulation in both illness and normal health conditions. Thus, binding this SARS-CoV?2 to the
ACE receptor can lead to severe heart and lung injuries, changing its signaling pathways [19].

In continuation of the probe, ACE inhibitors are a set of medication that is administered
to patients suffering from heart complaints, high blood pressure, and other conditions. It truly
reduces the activity of the ACE, and hence the production of angiotensin Il decreases. ACE
inhibitors are usually seen in the list of medications for diabetes patients also. In this case, it is
preventing the worsening of the kidney's condition that may lead to Renovascular disease [20].

In its association, there are also ARBs which interferes with the RAS. A natural
substance is blocked in the body by ACE inhibitors, thus avoiding the angiotensin | getting
converted to angiotensin Il. While ARBs attack angiotensin's pathway by blocking angiotensin
Il from binding to the receptors on the blood vessels. During this pandemic time, the safety
concern on the use of ACEi and ARB has gained attention since they cause upregulation in the
expression of ACE Il in many tissues, including cardiomyocytes [21].

4. Host susceptibility, immunology, and pathogenesis

ACE inhibited by ACEi results in lowered angiotensin I levels, which create a potential
unfavorable observation wreath that finally results in raising the ACE2 receptors, which further
correspond to the decreased angiotensin | substrate available and interact with the same. This
increased level of ACE2 receptor leads to more sites of binding for SARS-CoV2 and favors
the attack of COVID-19 infection. Particularly, it is seen evidently in hypertensive and/or
diabetic people as they are often prescribed to take ACEi or ARB [22]. Backing this issue of
interest, to date, there is no data to support it clinically, nor is there any evidence shown
experimentally, but still, adverse effects are caused on discontinuation of these. Therefore, it is
advised not to discontinue the ACEi/ ARB that is clinically prescribed [23], even if the patient
develops COVID-19 [24].

The main reason for this topic is that SARS-CoV2 binds to ACE2 to achieve entry into
human cells; there is a potential rise of the risk of contracting COVID-19 or developing the
more severe disease in patients who are already on background treatment with ACEi/ARB.
Many essential physiological functions are monitored by ACE2, a type | integral membrane
protein [25]. Thus, it is expressed highly in the lungs' alveolar cells; it is also acting as the main
portal for the entry of the virus to the (human) hosts [26].

At the same time, ACE2 portrays its vital part in the protection of the lungs. This virus
binding to the receptor (ACEZ2) will deregulate the pathway for protecting the lungs, resulting
in a condition of pathogenicity due to the virus [27]. By the receptor-mediated endocytosis,
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and following the binding to the ligand, the entry of SARS-CoV?2 is similar to that of the Human
Immunodeficiency Virus (HIV) [28].

Improper fixation of this disease maybe because it shows the asymptomatic mode of
transmission in a large proportion[7]. There is a clue of inadequate capabilities in many regions
leading to improper diagnosis and the difficulty in rebouncing between 2 to 3 weeks after
infection. Seeing all this, it can be evidenced that SARS-CoV2 further gets complicated by
asymptomatic dissemination, contributing to the spread of infection [29]. Even after several
clinical trials, there has been no vaccine or any approved therapy for COVID-19 [30].

Expression of ACE2 at high levels is seen in the heart, lungs, macrophages, vascular
endothelium, myocytes, and smooth muscles [31]. SARS-CoV and its infections are initiated
by spike protein of the virus being attached to ACE2 [32]. ACE2 being a zinc metallopeptidase
is involved in the cleavage mechanism of angiotensin.

In six studies (meta-analysis), including 1,527 patients with COVID-19 tested for the
prevalence of Cardio Vascular Disease (CVD), it was noted with the ubiquity of hypertension,
cerebrovascular, and cardiac disease. Diabetes to be 17.1%, 9.7%, and 16.4% respectively [33].
Since it is easy to avail of the emerging international data results from multinational units [34],
it can help inform the degree of risk for this disease with prior CVD [35].

5. Transmission

CVD mechanisms regulate the immunological functions [36], and other CVD risk
factors like diabetes and hyperlipidemia, associating with it, and finally leading to a higher risk
of the incident [37]. At present, CVD may be a marker indirectly relating to the COVID-19
prognosis. And since ACE2 is acting as a receptor for this virus, a better understanding of the
mechanism outcomes between CVD and COVID-19 is necessary. Some data suggest that ACE
and ARB increase the susceptibility to the virus [38].

In disparity, investigations have also exhibited that [39] ACEi or ARB may influence
[40] the protective action of ACE2 to the lungs [41]. Currently, we are unclear about the
therapeutic conclusions for ACEi or ARB for COVID-19. However, there is no sufficient data
to correlate the ACEi or ARB contracting COVID-19 with fatality after infection [42]. The
question of ACEi or ARB therapies for COVID-19 patients is also acknowledged by the
European Society of Hypertension [43]. It is now a necessity to contribute more to the existing
data [44] about the virus and a prescribed course [45] of medical treatment [46] to milieu the
outbreak. It is useful to get potential mechanistic data if the relationship between the ACE2
protein, antinypertensive agent use, and COVID-19 prognosis is studied [47].

The two major classes of developing severe COVID-19 are one with CVD [48] and the
other with diabetes [49], and ACE2 expression is increased in both cases. ACE2 also monitors
and regulates the metabolic functions, involving blood pressure regulation and glycemia [50].
Yet the virus, SARS-CoV?2 affecting the cardiovascular system by selecting ACE2, needs to
be explored. However, the initial instances of COVID-19 have shown that there is an important
effect of it on the heart and vessels, which can be examined by studying the cardiovascular
system [51].

ACE?2 is the sole receptor; after binding, the virus will get internalized through the
endocytosis without reaching the intracellular chamber unless membrane fusion occurs [52].

SARS-CoV [53] and HCoV-NL63 [54] are known to have employed ACE2 as a
receptor. Both SARS-CoV1 and 2 binds to cells through the same receptor ACE2 [55]. It is
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found that CoV has shown no binding to other receptors [56], namely, dipeptidyl peptidase-4
(DPP4) or aminopeptidase-N (APN) [57]. Knowing the functions of ACE2 in the
cardiovascular system and its apparent relation to COVID-19 is the reason for the much
importance that is given to ACE2 [58].

Many clinical societies have issued an accord on the use of ACEi or ARB in connection
with the pandemic COVID-19 [59]. ACEZ2, being a transmembrane protein [60] with a single-
pass [61] along with protease activity [62], can cleave the vasoconstrictor angiotensin Il to
vasodilator angiotensin 1-7 [63].

Therapies, which function as a counter-regulatory enzyme to the ACEL functions,
which synthesize ACE2, can also be tested [64]. Humans show a broad spectrum of protein
expression found almost in the lung epithelium, the myocardium, the endothelium, the Gl tract,
bone marrow, kidney, spleen, and this forms evidence to the multi-organ damage that is
observed as in SARS-CoV2 infection [65]. As observed in the epidemiology studies of
COVID-19, ACE2 gene expression can also feature encoding on the ‘X’ chromosome, leading
to sex differences likely [66].

In animals, acute respiratory distress syndrome (ARDS), which usually occurs as a
result of pneumonitis, induced chemically or through sepsis or by endotoxemia or by influenza,
ACE2 has shown more lung injury [67] in comparison to its wild counterpart’s histological
studies [68] and by the ability to recoil inwards [69]. The phenotype of increasing ability to
recoil inward was rescued by giving a rhACE2 [70], which confirms a link between ACE2
deficiency [71] and severe acute lung injury [72].

Losartan [73] rescinded influenza [74] in mice that were reported for the critical
situation of the extreme injury in the lung. And as in humans, administering Losartan, an
angiotensin Il type-1 receptor (AT1R) blocker, curtail the worsening effect of the SARS-CoV
spike protein in animal models of ARDS [75]. The above animal models were constitutive or
inducible knockout systems. The virus transmitted initially from one species to another,
utilizing ACE2 isoforms in swine, bats, civets, humans, with mutations, has now evolved as a
novel pathogen [76]. The murine ACE2 is a non-functional receptor for SARS-CoV2. The
study of this virus in mice requires a transgenic expression of the human ACE2 [77]. A soluble
ACE2 in the bloodstream is introduced when the ACE2 gets cleaved by the membrane-bound
protease ADAM17 [78]. Though this effect of ACE2 is unclear in humans [79], it has shown a
favorable condition on lung infections in ARDS models and influenza infections [80].

Better clinical trials, on a large scale, are needed. However, soluble ACE2 is being
studied in the phase Il trial of ARDS [81]. Ongoing research is being carried out to determine
whether the soluble ACE2 can be a specific therapeutic, as it is the trap for SARS-CoV2 [82].
On a note, the ACE2 enzyme shall not be hindered by ACE inhibitors though it shares some
homology with ACE [83]. It is also noted that not in all animals, the ACEi or ARB exposure
to ACE2 results in the upregulation of the ACE2 protein [84].

In the present situation, we have unclear evidence whether ACEi or ARB lessens or
adds to the severity of the pandemic by SARS-CoV?2 infections. Another mechanism in the
hypothesis of virus causing direct injury to the myocardium by infections is mediated through
vasculitis, as the ACE2 receptor is expressed highly in the veins of the artery and endothelial
cells [85]. Clear evidence of SARS-CoV1 showing vasculitis with the lymphocyte and
monocyte infiltration, vascular endothelial cell injury, and stromal edema in the heart is studied
[86]. Vasculitis is a response of either direct entry of the virus into myocardial endothelial cells
[87] or an indirect response in the immunology leading to hypersensitivity [88].
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TMPRSS2 (Transmembrane Serine Protease 2), a host protease, which is membrane-
bound and endosomal maturation is the actual necessities for the mechanism of exact
membrane fusion, whereby a non-covalently bound interaction takes place between S protein
and ACE2, as a result of the fusion between viral and the endosomal membranes, giving access
to the viral genome for replication [89].

Contradictory data regarding ACE1, ACE2, ARB activity levels at various tissues and
it are finally resulting in the infection's susceptibility by SARS-CoV2, and its effects are also
present [90]. Though trials are progressing in Losartan therapy on COVID-19, the total
available data is insufficient to cease ACEi or ARB usage. It is also strongly recommended to
continue, as they are life-prolonging therapies, and their withdrawal can indicate the risk of
infection and consequent complications [91]. In the British Medical Journal, it is published that
ACE?2 levels increase by 5-fold with Lisinopril and by 3-fold with Losartan based on Ferrario
et al. findings [92]. The susceptibility to SARS-CoV-2 is highly correspondent of the ACE2
expression. Therefore intake of ACEi/ ARB may lead to the SARS CoV?2 infection in patients
[93]. Due to this potential risk increasing in patients clinically administered with ACEi and
ARBs, some cardiologists recommend their discontinuation [94]. Moreover, it is seen that the
serum level of angiotensin Il has increased in COVID19 patients and has a linear plot of the
viral load against the lung injury; thus, the intake of ACEi and ARB may relieve lung injury
and further might decrease heart and renal damage [95].

The above situations have put the cardiologists in a dilemma regarding ACEi and ARBsS
being discontinued. There is evidence for the prevention of heart failure phenotype due to
overexpression of ACE2, whereas ACE2 deficiency can increase the heart failure rate. There
is no direct evidence for the relation of ACE2 and SARS-CoV?2 [96].

It is argued by some of the investigators that; use of ACEi or ARB may help prevent
COVID-19 infection. Li et al. [97] observed the stimulation of negative feedback due to ACE
inhibitors of ACE results in decreased pulmonary inflammation because of the lack of
angiotensin Il and upregulation of ACE2. Whereas Sun et al. [98], has resisted that the usage
of ACEi impairs the two receptor pathways; ACE/angiotensin 11/l and ACE2/angiotensin 1—
7/MAS. This disruption in the pathways, mainly the ACE2/angiotensin 1-7/MAS could lead
to fewer chances of SARS-CoV?2 entering the cell due to less production of ACE2. From one
of the vasoconstriction mechanisms, studies on some RAS inactivated animal models; it is
observed that there is a relief from the symptoms of respiratory failure and severe pneumonia
infers that the inhibitors of RAS may prove to be an excellent option in the treatment of
COVID-19 pneumonia [99].

Indecisive investigations of Olmesartan, an ARB drug on the upregulation of ACEZ2,
which in-turn influenced an excess secretion of urinary ACE2, was observed [100]. Though
there is an upregulation of ACEZ2, their effects of fewer death rates are not yet explained
convincingly. The pathway for protecting the lung is impaired since the ACE2 expressed in the
lung has bound to the virus, resulting in viral infection.

6. Conclusions

The pathways that regulate the immune mechanisms are also interconnected to the
mechanisms that result in CVD. The need of the hour research to confirm the use of ACEi and
ARB in people infected with COVID-19. Many cardiology associations HFSA/ACC/AHA and
ESC Hypertension Council) consented to the use of ACEi and ARB in COVID-19 patients in

contradiction to the hype in social media, many heart complications, and the disease's
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evolution. People who have already prescribed this class of medications are suggested to
continue their treatment with ACEiI/ARB. WHO has also evidenced that there is a high risk of
low outcomes of COVID-19 in patients who are already in the usage of ACEi/ ARB for a life-
time.

In summary, a disbalance in the ACE2 can contribute to ARDS, acute lung failure,

CVD, and others. Enhancing ACEZ2 is also considered a valuable strategy. There is no proof of
discontinuing ACEi and ARB that adds to profit since they are lifesaving, and stopping them
can potentially be harmful. With all the literature on this concern, it can be ended like; the
ACE?2 is just a controversy in coronavirus infection. The presence of co-factors along with
ACEZ2, should also be considered for the coronavirus infection [101].
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