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Abstract

Ever since its outbreak, Corona Virus Disease 2019(COVID-19) caused by SARS-CoV-2 has affected more than 26 million
individuals in more than 200 countries. Although the mortality rate of COVID-19 is low, but several clinical studies showed,
patients with diabetes mellitus (DM) or other major complication at high risk of COVID-19 and reported more severe disease
and increased fatality. The angiotensin-converting-enzyme 2 (ACE2), a component of renin—angiotensin-system (RAS);
acts on ACE/Ang-II/AT Irecptor axis, and regulates pathological processes like hypertension, cardiac dysfunction, Acute
Respiratory Distress Syndrome (ARDS) etc. The progression of T2DM and hypertension show decreased expression and
activity of ACE2. There are several treatment strategies for controlling diabetes, hypertension, etc; like ACE2 gene therapies,
endogenous ACE2 activators, human recombinant ACE2 (hrACE2), Angiotensin-II receptor blockers (ARBs) and ACE
inhibitors (ACEi) medications. ACE2, the receptors for SARS-CoV?2, facilitates virus entry inside host cell. Clinicians are
using two classes of medications for the treatment of COVID-19; one targets the SARS-CoV-2-ACE2 interaction, while
other targets human immune system. The aim of this review is to discuss the role of ACE2 in diabetes and in COVID-19
and to provide an analysis of data proposing harm and benefit of RAS inhibitor treatment in COVID-19 infection as well as
showing no association whatsoever. This review also highlights some candidate vaccines which are undergoing clinical trials.
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1 Introduction (15%) and 6 had cardiovascular diseases (15%) [3].
Another study including 26 deceased COVID-19 infected

Ever since the outbreak of Corona Virus Disease 2019  patients reported that, 53.8% were hypertensive, 42.3%

(COVID-19), caused by Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2) has been reported
to affect more than 21 million individuals and claimed
over 7.5 lakhs lives in more than 200 countries around
the globe (COVID-19 situation report-209). Although the
mortality rate of COVID-19 is low, patients with diabetes
mellitus (DM) and hypertension have shown more severe
disease and increased fatality [1, 2]. One of the initial
studies done in Wuhan before 2 January, 2020, reported
that out of 41 patients infected and identified with COVID-
19, 8 were diabetes patients (20%), 6 were hypertensive
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diabetes patients, and 19.2% had coronary heart disease.
In addition, these significant comorbidities were related
with an expanded danger of mortality [4]. A study done
in China comprising of 72,314 cases reported that DM
patients show higher mortality rate (7.3%) when com-
pared to other patients [5]. Of all COVID-19 patients who
died in Italy, 20.3% were diabetes patients [6]. A cross-
sectional survey (NCT04331574) with 1581 COVID-19
patients was performed in Italy, where except hyperten-
sion age, diabetes mellitus, chronic kidney disease and
chronic obstructive pulmonary disease predicted mortality
[7]. It was suggested that sex and gender disparities played
arole in COVID-19 vulnerability [8]. Global Health 50/50
demonstrated nearly equal number of cases in men and
women, but increased fatality in men [9]. Several fac-
tors like male-female differences in immune response
to vaccines, increased adverse drug reaction to antiviral
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treatment, influence the action of drugs and vaccines in
COVID-19 patients [8].

Older age, diabetes, hypertension, coronary artery dis-
ease and smoking are major risk factors for severe COVID-
19, and all these conditions relate with vascular endothe-
lial dysfunction [10]. This effects the vascular equilibrium
and causes vasoconstriction, thrombosis and inflammation.
Angiopoietin-2, a biomarker for endothelial dysfunction
was found significantly increased in critical COVID-19
patients, it suggests COVID-19-associated microvascular
dysfunction [8]. The role of endothelial-dysfunction in
COVID-19 pathogenesis and its complications should be
the focus of future studies.

The role of renin—angiotensin-system (RAS) has been
suggested in the progression of diabetes. Angiotensin-II
(Ang-II) prevents elevated insulin secretion from pancre-
atic islets in hyperglycemic condition by disrupting p-cell
function, and Angiotensin-converting enzyme 2 (ACE2)
gene therapy reduces this damaging effect of Ang-II and
insulin is released accordingly from B-cells during hyper-
glycemic condition. Furthermore, both Angiotensin-II
receptor blockers (ARBs) and ACE inhibitors (ACEi)
control glucose levels by blocking overactive RAS and
improve the morphology and function of islets. In spite of
large data obtained from studies in animal models, facts on
humans are yet not clear. This suggests for future studies
on exploring the medications targeting RAS as a potent
therapeutic for diabetes and comorbidities. ACE2 was
found to be one of the main receptors of both SARS-CoV
and SARS-CoV-2. ACE2 receptors are expressed widely
on heart, respiratory tract, intestines, kidneys and pancreas
[11].

Till date there is no specific vaccine or medication against
COVID-19 [12] and clinicians are using two classes of medi-
cations; one which acts directly on coronavirus (CoV) and
the other that targets human immune system [13]. The most
effective therapeutics could be targeting the interaction of
host-cell receptor and the virus itself, which will stop the
binding of SARS-CoV-2 with ACE2 receptor and ultimately
terminate the entry of the virus into the host cell [14]. This
approach may enhance diabetes complications, cardiovas-
cular diseases and other comorbidities by affecting normal
functioning of ACE2, which ultimately increases Ang-II lev-
els and leads to inflammation and oxidative stress in islets.

Results of some studies have suggested that boosting
passive immunity could be an effective approach for the
treatment of severe COVID-19. The trials of a recombinant
adeno vaccine (AZD1222), developed by Oxford Univer-
sity’s Jenner Institute have begun last month and if data from
the trial show positive results, late-stage trials would begin
in a number of countries. After vaccination, the spike pro-
teins are produced, which prepares the immune system to
attack COVID-19 if it infects body in future.

A\ Adis

Apart from these approaches there could be some other
strategies that could prove to be potent therapeutics for
COVID-19 in context of ACE2. On the other hand, there
is a huge controversy regarding the use of ARBs and ACEi
medications, as they can increase ACE2 levels and thus
make subjects more susceptible to SARS-CoV infection.
The present knowledge lacks any clinical data to support
the hypothesis that use of ARBs/ACEi increases patients’
susceptibility to COVID-19 infection and suggests both ben-
efit as well as harm. Therefore, it’s better to continue ARBs
and ACEi medications until some strong evidence claims
such hypothesis to be true.

Exactly how DM and cardiovascular comorbidities are
related with increased complications and significantly
increased death rates for patients infected with COVID-19
is not known. As COVID-19 is profoundly transmissible and
extremely pathogenic, understanding these mechanisms can
help in the development of potential and successful treat-
ments for diabetes patients susceptible to COVID-19 infec-
tion. In this review we have discussed the role of ACE2 in
diabetes and in COVID-19 and analysed the data proposing
harm and benefit of RAS inhibitor treatment in COVID-19
infection as well as showing no association whatsoever. This
review also highlights some candidate vaccines which are
undergoing clinical trials.

2 ACE2: Overview and Function

ACE?2 is a component of RAS which maintains blood
pressure, fluid and electrolyte balance and reabsorption
of sodium in kidney [15] by controlling vasoconstriction.
As a usual physiological feedback to low renal blood flow,
juxtaglomerular cells convert inactive prorenin to active
renin, which is secreted directly into the circulation. Now,
plasma renin converts angiotensinogen, from liver, to Angi-
otensin-I (Ang-I). Angiotensin converting enzyme (ACE)
converts Ang-I to its active form Ang-II, a vasoconstrictor
(Fig.1). ACE2 counterbalances the whole mechanism by
targeting Ang-II and converting it to Ang 1-7, which is a
vasodilator [15]. ACE2 thus regulates several pathological
processes like fibrosis, inflammation, oxidative stress and
vasoconstriction. There are many drugs that interrupts this
system in different steps to control the abnormally active
RAS. The inhibitors of ACE enzyme (ACEi) are often used
to downregulate the production of potent Ang-II (Fig. 1).
Furthermore, ARBs are also used to control the overactive
RAS by preventing the binding of Ang-II to its receptors
Angiotensin-II Type 1 Receptor (AT1R) (Fig. 1).
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Fig. 1 Flowchart showing the functioning of RAS system. ACE angiotensin converting enzyme, ACEi angiotensin converting enzyme inhibitor,
ARBs angiotensin-1I receptor blockers, ACE2 angiotensin converting enzyme 2

3 ACE2:Role in Diabetes

ACE2 has been known to exist in many tissues, including
heart, respiratory tract, intestines, kidneys and pancreas [11].
ACE2 controls RAS by acting on ACE/Ang-II/AT1R axis,
and by this it regulates several pathological processes like
acute respiratory distress syndrome (ARDS) [16], fibrosis
[17], hypertension and cardiac dysfunction [17].

Ang-I and Ang-II being the main targets of ACE2 are
degraded to Ang-(1-9) and Ang-(1-7) respectively (Fig. 1).
Ang-(1-7), a vasodilator peptide, is a ligand for the Mito-
chondrial assembly receptor (MasR) which opposes the
function of vasoconstrictor Ang-II [18]. Thus, ACE2 can
be considered as a protective agent, as it increases and
decreases the levels of Ang-(1-7) and Ang-II respectively,
which prevents the harmful effects of overactive RAS. ACE2
is gaining attention, due to this therapeutic property given
the extensive role of RAS in controlling different functions
in our body.

Chhabra and his colleagues (in 2013) for the first time
demonstrated a direct role of ACE2 in insulin secretion by
culturing mouse islets in presence of Ang-II [19]. Ang-II
prevents elevated insulin secretion from pancreatic islets in
hyperglycemic condition by disrupting p-cell function, and
ACE?2 gene therapy reduces this damaging effect of Ang-
II and insulin is released accordingly from p-cells during
hyperglycemic condition [19]. In B-cells, ACE2 seems to
obstruct Ang-II signalling thereby showing its therapeutic
effects. Indeed, Ang-II mediated upregulation of AT1R in

mice islets was attenuated upon treatment with ACE2 adeno-
virus [19]. Therefore, ACE2 is thought to have potential of
improving AT1R-mediated harmful effects, like oxidative
stress, inflammation, fibrosis and blood flow in the p-cells
(Fig. 1).

Ang-II induces the production of NADPH oxidase which
produces superoxide radicals and thereby increases oxidative
stress [20] which finally results in B-cell dysfunction [21].
Some studies have reported role of ACE2 in reducing Ang-
II-mediated oxidative stress [19], thus improving pancreatic
dysfunction.

B-Cell function is significantly hampered by islet fibrosis
and inflammation [22, 23], thereby effecting glucose homeo-
stasis. The beneficial role of ACE2 in reducing inflamma-
tion and fibrosis in islets is yet to be explored. The glucose
levels have been found to be improved by agents that reduce
fibrosis and inflammation [23]. Ang-II mediates islets fibro-
sis and inflammation via AT1R [22], therefore it becomes
important to investigate the role of ACE2 in lowering fibro-
sis and inflammation islets.

Carlsson et al. [24] suggested that glucose-homeostasis
is affected by modulating blood flow to the pancreatic islets.
Although, ACE2 therapy in Ang-II treated mice models
exhibited no increase in pancreatic blood flow [19], but
ACE2 as a vasodilator may affect insulin secretion [19] by
increasing the blood flow in islets suggesting that further
studies should be done.

A novel mechanism that has been shown to promote
chronic diseases like diabetes and hypertension [25, 26] is
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Endoplasmic reticulum (ER) stress. ER stress is found to be
induced by elevated Ang-II level [19], therefore hyperten-
sion can be reduced by drugs which limits RAS activity [27].
Although, ER stress has been thought to effect -cell func-
tion and cause hyperglycemia [28], further studies should
be performed to investigate the role of Ang-II and ACE2
reducing ER stress [27].

Several studies have demonstrated that with the progres-
sion of T2DM and hypertension, there is a decrease in the
expression level and activity of ACE2 in various tissues [19,
29, 30]. In type 2 diabetes mellitus (T2DM) cases that have
developed atherosclerosis plaque, the ADAM metallopepti-
dase domain 17 (ADAM17) expression was found upregu-
lated [31] and this tumour necrosis factor-a-converting
enzyme (TACE), is reported to cleave and remove the cata-
lytic domain of membrane-bound ACE2 [32]. This could
be an explanation for ACE2 downregulation in mouse islets
[33]. Interestingly, expression of ADAM17 is upregulated by
Ang-II in pancreas, brain, adipose tissue and smooth mus-
cle cells of blood vessels [33]. On the other hand, ACE2
treatment can decrease the expression of ADAM17, which
suggests that modulating Ang-II levels, effects the level of
ADAMI17 [33]. Hence, these preliminary studies suggest
that shedding of ACE2 in the islet links overactive RAS and
hyperglycemia, and this could be normalized by restoring
shed ACE2.

3.1 ACE2: Role in Comorbidities of Diabetes
3.1.1 Hypertension

ACE?2 is present in vascular endothelium; therefore, reduc-
tion in expression of ACE2 results in an increase in the lev-
els of Ang-II, which leads to increased blood pressure [34].
A study done on rats demonstrated that increased expression
of ACE2 in blood vessels reduced blood pressure, on the
other hand, deficiency of ACE2 contributed to elevated sys-
tolic blood pressure [34, 35]. Furthermore, levels of ACE2
have been shown to affect central hypertension as well [35].
These studies suggested that maintaining the concentration
of ACE2 may prove to be an important therapeutic approach
against diabetes induced hypertension.

3.1.2 Cardiomyopathy

The patients with diabetes are more prone to develop car-
diovascular disease compared to normal population. An
imbalance in ACE2-Ang-(1-7) and ACE-Ang-II and acti-
vation of RAS are mainly responsible for this process [15].
Hyperglycemia promotes the local production of Ang-II in
heart tissue. In diabetes models, upregulation of RAS leads
to Ang-1I pathway activation and subsequently increase oxi-
dative stress, fibrosis, inflammation, cell proliferation and

A\ Adis

even apoptosis. These changes cause cardiac remodelling
and lead to development of atherosclerosis. ACE2 reduces
cardiac remodelling, prevents myocardial fibrosis and left
ventricular hypertrophy. Most importantly, ACE2 prevents
heart failure by pressure overload, and thus improves func-
tioning of heart [36]. Therefore, ACEi and ARBs are recom-
mended first line medications for Cardiovascular diseases
(CVD) in diabetes patients by regulating blood pressure and
reducing damages in target organs [15, 36].

3.1.3 Nephropathy

It is a microvascular complication of diabetes and is asso-
ciated with CVD risk. In kidney, the expression of ACE2
predominantly takes place at the proximal tubule, more pre-
cisely at its luminal brush border. In case of nephropathy
or other chronic kidney diseases, expression of ACE2 is
downregulated which causes tubular injury and albuminuria.
Therefore, further inhibition of ACE2 increases renal injury
[35]. Harris et al. [37], reported an increase in ACE/ACE2
ratio in both tubulointerstitium and glomerulus of nephropa-
thy patients, mainly due to reduced expression of ACE2.

3.1.4 Retinopathy

It is the most prevalent microvascular complication of dia-
betes in which RAS abnormality plays an essential role [38].
However, ACE2/Ang-(1-7) overexpression may be benefi-
cial in retinopathy [38]. Some animal studies have shown
that ACE2 can decrease intra-ocular pressure by counter-
regulating Ang-II [38]. Interestingly, treatment including
recombinant ACE?2 could prevent the loss of ganglionic cells
of retina and decrease inflammatory process. These studies
suggest that increasing the bioavailability of ACE2 can be
critical in the treatment of diabetes and its complications
[39].

3.2 Treatment Strategies for Diabetes (Targeting
RAS)

3.2.1 ACE2 Therapies

Several approaches are under preclinical stage of investiga-
tion to increase the activity of ACE2 in different disorders
including diabetes. Among them the most widely used is
the gene therapy in animal models [30, 40]. Many groups
have investigated the beneficial role of gene therapy in dia-
betes and other disorders [30, 40, 41]. This therapy showing
promising results uses either lentivirus or adenovirus, which
carries ACE2 encoding gene, thus increasing ACE2 activity.

In subjects with diabetes, endogenous ACE2 activators
such as diminazene and xanthenone, have been benefi-
cial in controlling hyperglycemic condition and different
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complications of diabetes like endothelial dysfunction and
hypertension [42]. This suggests ACE2 activators to be a
novel approach in controlling diabetes and its related com-
plications as they increase the activity of ACE2.

Another approach which boosts the ACE2 activity is
human recombinant ACE2 (hrACE2) therapy, which has
shown to control T2DM and its complications in animal
models [43]. The hrACE2 therapy reduces Ang-II mediated
activity of NADPH oxidase and promotes Ang-(1-7) signal-
ling in Akita mouse model [43]. These results encourage to
investigate the role of thACE2 in controlling hyperglycemia
and secretion of insulin from f-cells as Ang-II and NADPH
oxidases act negatively in the progression of T2DM.

3.2.2 Role of ARBs and ACEi in Hyperglycemia

RAS contributes to reduced insulin secretion [44]. In fact,
in-vitro and in-vivo studies done on rodent models have
shown RAS induced oxidative stress, islet fibrosis, inflam-
mation, and most importantly impaired insulin secretion.
Both Angiotensin-II receptor blockers (ARBs) and ACE
inhibitors (ACEi) control glucose levels by blocking over-
active RAS. Moreover, ARB or ACEi were found to improve
the morphology and function of islets and thereby increase
the glucose tolerance [45, 46].

In spite of large data from studies done on animal mod-
els, facts on humans are not clear. An in-vitro study done
on the isolated human pancreatic islets showed that when
they were treated with ACEi, they neutralized some of the
adverse effects of high-glucose exposure including oxida-
tive stress and impaired glucose secretion [47]. In-vivo stud-
ies have shown mixed results. One study demonstrated that
treatment with ACEi ramipril (= 15mg daily) [48] or ARB
valsartan (80 mg twice a day) [49] for 3 years and 6 weeks
respectively did not help in improving insulin secretion.
Another study showed that early phase secretion of insulin
can be increased in cases with impaired glucose tolerance
and hypertension when they are treated with ACEi captopril
(= 81 + 24 mg daily) or ARB candesartan (= 8 mg daily) for
4 and 3 months respectively [50, 51]. These findings indicate
that RAS in pancreatic islets may be a causative factor for
impaired insulin secretion. Furthermore, RAS blockade can
be used as a good approach to increase insulin secretion in
subjects who are at higher risk of developing T2DM.

4 ACE2:Rolein COVID-19

Coronavirus (CoV) comprises of 4 structural proteins,
notably envelope, membrane, nucleocapsid and most
important in this context: the spike protein [52]. The
angiotensin-converting-enzyme 2 (ACE2), was found to
be one of the main receptors of both SARS-CoV-2 [53]

and SARS-CoV [54], which is expressed in many tissues
[11]. The host when exposed to the virus, CoVs by the
help of spike protein bind to the cells expressing specific
ACE2 receptors. After this the spike protein is cleaved off
by the host-cell protease, which facilitates viral entry and
replication inside the cell [53].

As the expression of ACE2 is down-regulated with the
onset of infection, its role in developing lung injury in
patients with SARS-CoV infection was disputable [55].
However, it was assumed that, ACE2 has two main roles;
one as a receptor helping the virus to enter, and further,
protecting from lung injury by it’s down-regulation [55].

Two primary theories exist suggesting the role of RAS
in COVID-19 infection. First, few experimental data dem-
onstrate that severe lung injury and fibrosis in SARS-CoV
animal models is mainly mediated by Ang-1I inflammation
[56, 57]. The decrease in ACE2 expression prior to SARS-
CoV-2 infection increases local concentration of Ang-II in
the lungs and causes severe lung injury. A higher concen-
tration of circulating Ang-II was reported in COVID-19
patients and it was found to correlate with the viral load
and symptoms of lung injury [58]. Earlier SARS-CoV epi-
demic data also suggested that ACE2 dependent SARS-
CoV-2 infection may decrease ACE2 expression in heart,
promoting severe heart injury [59]. It is important to note
that we lack sufficient clinical data to support above men-
tioned pathophysiological processes.

Second, ARBs and ACEi could increase the expression
of ACE2 in lungs, which increases the risk of COVID-19
infection [60]. There is experimental data which demon-
strate the increase of ACE2 expression by ARBs and ACEi
in heart [61], but there are no evidence showing increase
of cardiac ACE2 expression and activity by these agents
in lungs of animals or humans. Similarly, there is no such
study done so far that proves that these agents increase
virulence or viral infectivity by their downstream effects.

Majority of studies actually support the idea that ARBs
and ACEi may reduce Ang-II-mediated fibrosis and severe
lung injury by limiting the action of Ang-II [62]. These
agents as such promise some potent therapies for the treat-
ment of COVID-19 [56, 63]. The limited available data
suggest to continue the use of these agents if needed until
there is any evidence against them [64, 65].

4.1 Treatment Strategies for COVID-19

Still there is no specific vaccine or medication available
against COVID-19. In order to fight against COVID-19,
clinicians are using two classes of medications; one which
acts directly on coronavirus (CoV) and the other which
targets human immune system [13].
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4.1.1 Targeting Interaction of Virus and Host Cell Receptor

The most effective therapeutics could be targeting the inter-
action of host-cell receptor and the virus itself, which will
ultimately terminate the entry of the virus into the host cell.
As already been discussed, the virus enters the host-cell
via ACE2 receptor [66], therefore, by any means stopping
the binding of virus to the receptor could stop COVID-19
infection. Chloroquine, which was earlier very effective in
the treatment of malaria, HIV, amoebiasis, and autoimmune
diseases, has proved to be very potent in treating COVID-
19 patients [67]. It prevents the ACE2 glycosylation which
reduces the affinity of spike protein and ACE2.

As already discussed, decreased activity of ACE2
increases Ang-II level, which then increases inflammation
and oxidative stress in islets leading to onset of diabetes
and related complications [38]. ACE2/Ang-(1-7) pathway
modulates glucose level by maintaining pancreatic Ang-
(1-7) and/or Ang-II levels and thus regulates the secretion
of insulin [30, 33]. Therefore, targeting ACE2/Ang-(1-7)
pathway could be an effective strategy for treating patients
with T2DM.

4.1.2 Targeting Human Immune System

COVID-19 patients showed elevated levels of CXCL10,
CCL2 and TNF-a: ‘cytokine storm’, whereas IFN-y, IL-1,
IP-10 levels increased with COVID-19 severity. COVID-19
severity was affected by abnormal host immune response
along with lymphocytopenia and cytokine storm. Therefore,
modulating immune response might be crucial for COVID-
19 treatment [68].

The other effective approach could be development of
passive immunization by providing antibodies [69]. The
immunotherapy by using monoclonal antibody medication
may prove to be effective because of its higher specificity,
safety, purity, and less risk of contamination. Khan et al.
[70] conducted a study on ARDS patients, and demonstrated

Table 1 COVID-19 vaccine candidates in clinical trials

that using thACE2 (GSK2586881) resulted in a decrease in
Ang-II and IL-6 plasma levels and an increase in Ang-(1-7).
This suggests that such an approach could be effective for
the treatment of severe COVID-19.

4.1.3 Development of vaccines for COVID-19

1. Developing a vaccine is a long game. Ever since the
genetic sequence of SARS-CoV-2 is known, several
candidate vaccines are in clinical trials (https://clinicaltr
ials.gov/) (Table 1). Vaccine manufacturers are racing
to develop vaccines for COVID-19 pandemic, but chal-
lenges still remain. Below is the table highlighting dif-
ference vaccines under clinical trials.

5 RAS Inhibitor Drugs: Role in COVID-19

As mentioned earlier, ACE2 being the functional receptor
for corona virus, helps in the entry of both SARS-CoV [52]
and SARS-CoV-2 [58]. The importance of this finding has
now increased as the medications used currently are con-
sidered to increase ACE2 levels. Earlier Italian Society of
Hypertension (SIIA) and other International Societies rec-
ommended to continue ACEi and/or ARBs in CVDs and
hypertensive patients [71]. Later on, clinical trials [72]
investigated the impact of continuing versus suspending
ACEi and ARBs in COVID-19 patients. BRACE CORONA
Trial (NCT04364893) in Brazil was one of those randomized
clinical trials [73]. The primary objective of BRACE was to
investigate whether continuous versus discontinuous therapy
of ACEi and/or ARBs affected days alive and out from hos-
pital in 30 days [73]. Moreover, several studies have pro-
posed both benefits as well as harms of treatment including
ACEi and ARBs during COVID-19 infection. In addition,
there are few studies which have shown neutral data too.

S.no. Candidate Developer Characteristic Status NCT no.

1. AZD1222 University of Oxford and AstraZeneca Adeno-virus vector mRNA vaccine that expresses Phase Il NCT04516746
S-protein

2. mRNA-1273 Moderna and National Institute of Lipid nanoparticle-encapsulated mRNA vaccine  Phase I =~ NCT04283461

Allergy and Infectitous Diseases

(NIAID)
3. PiCoVacc Sinovac Biotech
Ad5-nCoV

. CanSino Biologics
5. INO-4800

Inovio Pharmaceuticals

Inactivated virus vaccine

that encodes S-protein

Phase I/l NCT04352608

Adinovirus vector vaccine expressing S-protein ~ PhaseI =~ NCT043131217
DNA plasmid vaccine administered by intra PhaseI =~ NCT04336410
dermal (ID) injection followed by electropora-
tion (EP)
Nano particle with or without Matrix M-adjuvant Phase I =~ NCT04368988

6. NVX-CoV2373 Novavax
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5.1 Harmful Effect of RAS Inhibitors

At first, the use of RAS modulators was not only thought to
increase the risk of COVID-19 infection, but increase the
severity of infection and mortality as well. An early study
considered the use of RAS inhibitor medications to increase
lethal COVID-19 infection [74].

Fang et al. [2] hypothesised that patients with diabetes
and hypertension, who are treated with RAS modulators
are at increased risk of COVID-19 as it elevates the ACE2
concentration. They raised concerns over the use of ibu-
profen and thiazolidinediones as they also increase ACE2.
Furthermore, they also suggested the use of calcium-channel
blockers as an alternative for the treatment of hypertension
as no data supported the increase in ACE2 concentration by
the use of these drugs. Sommerstein et al. [75] also proposed
similar hypothesis and had raised concerns over the use of
ACEi/ARBs as they might increase the risk and severity of
COVID-19.

There are several points which raises some doubts over
these studies. The studies mentioned above reported sever-
ity of COVID-19 in patients with diabetes, hypertension,
and coronary artery disease (CAD). But the studies have
not shown the outcomes separately in patients treated and
untreated with ACEi/ARBs. Moreover, to conclude that
these medications are directly related with severe outcomes,
the studies should be done on the patients having these medi-
cations, and not to emphasise on the disease for which these
medications are used.

5.2 Beneficial Effect of RAS Inhibitors

Recently, studies have shown the beneficial role of RAS
inhibitors (Table 2) and elevated ACE2 levels in COVID-
19 patients. As discussed previously, binding of ACE2
and SARS-CoV-2 spike protein downregulates ACE2 and
thus increase Ang-II concentration. This causes pulmonary
congestion and difficulty in breathing [56, 76]. Therefore,
certain medication which increase ACE2 concentration
can be helpful in reducing the severity of COVID-19 [12].
Several retrospective studies done on patients with hyper-
tension and COVID-19, showed decreased mortality rate

in patients receiving RAS inhibitors when compared with
patients receiving other hypertensive medications [77, 78].
Lam et al [79] investigated continued versus discontinued
ACEi or ARBs use in hypertensive COVID-19 patients
and found better clinical outcomes and suggested to con-
tinue their use.

Meng et al. in their case control study divided patients
into two groups; RAS inhibitor (17 patients) and non-
inhibitor (25 patients) group. They concluded that groups
receiving RAS inhibitors showed less disease sever-
ity, increased blood CD-8 and CD-3 T-cells, decreased
serum interleukin-6 (IL-6) and decreased viral load when
compared to group receiving on-RAS inhibitors. Thus,
improved clinical outcomes in hypertension patients with
COVID-19 was found related with medications including
RAS inhibitors [80].

5.3 Neutral Effect of RAS Inhibitors

Apart from studies showing harmful effects and benefits of
using RAS inhibitors, there are several studies which have
demonstrated no association of RAS inhibitors with the
severity of COVID-19 (Table 3). A study done on patients
in Italy, included 6,272 cases compared with 30,759 con-
trols and found no association of RAS antagonist risk and
severity of COVID-19 infection [81]. Another study done
by Reynolds et al. [82] included approximately 17.0%
severe COVID-19 patients of around 12,500 patients tested
for COVID-19. The authors concluded that there was no
relation between RAS antagonist medication and COVID-
19 infection or its severity. In addition, they also studied
calcium channel blockers, beta-adrenoceptor blockers and
thiazide diuretics and demonstrated no association of these
medications with increased risk of COVID-19 infection.
There are several other studies which have reported
no association between RAS inhibitor medication and
increased severity and mortality of COVID-19 patients
[83—85]. All these studies had certain limitations but
proposed same conclusion, that there is no association
between RAS inhibitors and COVID-19 infection.

Table 2 Studies showing beneficial effect of RAS inhibitors in patients with hypertension during COVID-19 infection

S.no. Sample size Observation

Outcome of study

References

1. 1128 Mortality rate: RAS group = 3.7%
Non-RAS group = 9.8%

2. 2877 Mortality rate: RAS group =2.2%
Non-RAS group = 3.6%

3. 42 Severe COVID-19 infection: RAS

group = 23.5%
Non-RAS group = 48%

ACEi/ARB therapy has beneficial effect in pathogenesis and severity of ~ [77]
COVID-19 in hypertension patients

RAS inhibitors lowered the risk of mortality in patients [78]

RAS inhibitors tend to improve clinical outcomes of COVID-19 patients  [80]
with hypertension
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Table 3 Studies showing neutral effect of RAS inhibitors in patients with COVID-19 infection

S.no. Sample size Observation

Outcome of study References

1. 4480 Mortality rate: RAS group = 8.8%
Non-RAS group = 10.2%

2. 12,594 COVID-19 positive result: RAS group = 58.1%
Non-RAS group = 57.7%

3. 12,529 Users of RAS inhibitors when compared to other

antihypertensive drug users, had an adjusted OR for
COVID-19 requiring admission to hospital of 0.94

Use of ARB/ACEi prior to COVID-19 diagnosis was  [81]
not associated with severity or mortality in COVID
patients with hypertension

ARB/ACE:I therapy has no association with increased [82]
susceptibility and severity of COVID-19

ARB/ACE: do not increase susceptibility to COVID-  [84]
19, its severity and mortality

6 Future Perspectives

There can be several strategies that can be developed which
might show positive results in dealing with ACE2 mediated
COVID-19 infection (Fig. 2):

1. As mentioned earlier, SARS-CoV and SARS-CoV-2
enters the host-cell by the help of a protein termed as
SPIKE (S-protein), expressed on the viral coat. These
S-proteins have receptor binding regions which binds to
ACE2’s extra cellular domain [62]. Therefore, develop-
ing a vaccine based on S-protein may be helpful as it
will hamper the spike protein-ACE2 receptor interaction
(Fig. 2). Furthermore, these interaction sites could be
blocked with antibodies and/or some other small peptide
molecules (Fig. 2).

2. SARS-CoV-2 entry into the host cell also depends on
the priming between S-protein and TMPRSS?2 (a trans-
membrane protease serine 2) [86]. It is also important to
note that camostat mesylate, a serine protease inhibitor,
has been proved to block the activity of TMPRSS2 [87,

Fig.2 Diagram showing some
possible strategies to deal with
COVID-19. SARS-CoV-2 Severe
Acute Respiratory Syndrome-
corona virus-2, TMPRSS2
Transmembrane protease, serine
2, ACE?2 angiotensin converting
enzyme 2

88], and in Japan they have been approved for human
use. Therefore, camostat mesylate can be used to hamper
the priming of S-protein and TMPRSS2, thus preventing
the SARS-CoV-2 infection (Fig. 2).

3. If high levels of ACE2 delivered it may competitively
bind to S-protein of SARS-CoV-2 and thus neutralize
the virus and rescue cellular activity of ACE2 (Fig. 2).

7 Conclusion

At present time, no data supports the hypothesis that use of
ARBs/ACEi increases patients’ susceptibility to COVID-
19 infection, its severity and mortality. The studies done
so far on the use of RAS medications in patients suffering
from COVID-19 have shown conflicting data. In the joint
statement, American Heart Association (AHA), American
College of Cardiology (ACC) and Heart Failure Society of
America (HFSA) have recommended physicians not to begin
or discontinue the usual RAS related medications (ARBs/
ACEi) in COVID-19 patients. Any decision taken in this
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regard should be based on patient’s hemodynamic status and
its clinical presentation [89, 90].

Therefore, after reviewing the available clinical data till
date, recommendations and opinions from different experts
in different scientific societies, we can conclude that ARBs/
ACEi can be continued by the physicians to treat patients
that are in need. Furthermore, research done on RAS expres-
sion, especially ACE2/Ang-(1-7) pathway in COVID-19
cases can fill the knowledge gaps and may significantly
affect the treatment guidelines of the patients on ACEi/
ARBs medications.
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