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of respiratory virus epidemics are scarce in literature, 
although in one study the clinical effects of pneumonia 
have been linked with increased cardiovascular risk in 
long-term follow up.25. It seems that in survivors of hos-
pitalization for community-acquired pneumonia long 
after recovery, elevated systemic inflammatory and pro-
coagulant activity can persist, but in the case of COVID-19 
more data are required. 

Potential therapeutic implications

The best treatment up to now, is prevention (Table 2). 
Vaccines and monoclonal antibodies against SARS-COV-2 
are under development. Chloroquine (anti-malarial drug) 
and hydroxychloroquine, which is used in rheumatoid 
arthritis or systemic lupus erythematosus treatment, can 
block SARS-CoV-2 cell entry in vitro. Additionally, the serine 
protease inhibitor camostat mesylate, which is approved 
in Japan for chronic pancreatitis and postoperative reflux 
esophagitis among other indications, has been shown to 
block TMPRSS2 activity and inhibit SARS-CoV entry into 
cells. Ribavirin and lopinavir/ritonavir, that have been 
used for years as components of treatment for hepatitis 
C and human immunodeficiency virus (HIV), are under 
investigation in clinical trials for COVID-1926,27(Table 3). 
Recombinant human ACE2 in being studied in clinical trials. 
Previous studies with intravenous infusion of recombinant 
human ACE2 (rhACE2) in patients with pulmonary arterial 
hypertension and acute lung injury had reported immedi-
ate decreases in plasma Ang II/Ang 1-7 ratios reflecting 
ACE2 functions and its therapeutic effects. Thus, systemic 
delivery of rhACE2 (0.4 mg/kg i.v. twice a day for seven 
days) will hopefully sequester viral SARS-CoV-2 particles in 
the circulation preventing their interaction and subsequent 

internalization through endogenous ACE2 receptors while 
also activating the systemic protective axis of the RAS28. 

There has been a large discussion about handling of 
antihypertension therapy of patients, as arterial hyperten-
sion has been reported to be more common in seriously 
hospitalized patients with COVID-19. Although there were 
some concerns about the role of renin–angiotensin–al-
dosterone system (RAAS) inhibition, if it exaggerates 
ACE-2 activity; there is lack of scientific support as in 
population-based studies in China only 20-30% of hyper-
tensive patients under treatment take RAAS inhibition29. 
A recent hypothesis suggested that angiotensin receptor 
1 inhibitors might be beneficial for patients infected by 
COVID-19. It seems that SARS-CoV-2 infected patients 
that are chronically medicating with angiotensin II type 
1 receptor (AT1R) blockers, although having higher ACE2 
expression, may be protected from lung injury. This may be 
due to two complementary mechanisms, by blocking the 
excessive angiotensin-mediated AT1R activation caused 
by the viral infection, and by upregulating ACE2, thereby 
reducing angiotensin production by ACE and increasing 
the production of the vasodilator angiotensin 1–730. In a 
previous study, intravenous administration of ACE inhibi-
tors in patients with coronary artery disease did not have 
any impact on  angiotensin-(1–7) production; which arises 
the thought if ACE inhibitors have any direct effects on 
ACE2-directed angiotensin II metabolism31. Furthermore, in 
cross-sectional studies, patients with heart failure, atrial fi-
brillation, aortic stenosis, and coronary artery disease, who 
were under RAAS inhibition treatment, did not show higher 
plasma ACE2 activity, compared to untreated patients32. 
In the case of COVID-19 infection, those patients with ad-
verse outcome had elevated levels of plasma angiotensin 
II, which were in turn correlated with total viral load and 
degree of lung injury; while in autopsies the presence of 
viral RNA in cardiac species was associated with reduced 
ACE2 protein expression13. It seems that administration 
of recombinant ACE2 normalizes angiotensin II levels in 
human explanted hearts with dilated cardiomyopathy. 
Thus, clinical trials are tested whether the provision of 
recombinant ACE2 protein may be beneficial in restoring 
balance to the RAAS network and potentially preventing 
organ injury13. Additionally, RAAS inhibition may suppress 
fibroblast growth factor 23(FGF23)/Klotho/phosphate axis, 
as high levels of FGF-23 or FGF-23 resistance, due to klotho 
deficiency, are associated with endothelial dysfunction 
and cardiovascular morbidity and mortality33. 

As, more data are warranted to support this hypoth-
esis, we must underly that abrupt withdrawal of RAAS 
inhibitors in high-risk patients, including those who have 
heart failure, may result in clinical instability and adverse 
health outcomes.

Table 2. Considerations for Health care providers and popu-
lation as presented by WHO Director-General’s opening re-
marks at the media briefing onCOVID-193

• E-visits, tele-monitoring for patients, when it is feasible

• Adhere to guidelines for optimal use of prophylactic medical 
material

• Self-reporting of all suspicious (cough, fever, flu-like, symptoms) 
and halting role

• Limit elective procedure (echocardiography catheterization) to 
only urgent/emergent

• Improve testing availability for population

• Improve population education

• Initiate or improve e-health programs for patients

• Limit in person visit and in person consultation

WHO: World Health Organization




