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Abstract
SARS-CoV-2 is characterized by a spike protein allowing viral binding to the angiotensin-converting enzyme (ACE)-2, 
which acts as a viral receptor and is expressed on the surface of several pulmonary and extra-pulmonary cell types, including 
cardiac, renal, intestinal and endothelial cells. There is evidence that also endothelial cells are infected by SARS-COV-2, 
with subsequent occurrence of systemic vasculitis, thromboembolism and disseminated intravascular coagulation. Those 
effects, together with the “cytokine storm” are involved in a worse prognosis. In clinical practice, angiotensin-converting 
enzyme inhibitors (ACE-Is) and angiotensin II receptor blockers (ARBs) are extensively used for the treatment of hyperten-
sion and other cardiovascular diseases. In in vivo studies, ACE-Is and ARBs seem to paradoxically increase ACE-2 expres-
sion, which could favour SARS-CoV-2 infection of host’s cells and tissues. By contrast, in patients treated with ACE-Is 
and ARBs, ACE-2 shows a downregulation at the mRNA and protein levels in kidney and cardiac tissues. Yet, it has been 
claimed that both ARBs and ACE-Is could result potentially useful in the clinical course of SARS-CoV-2-infected patients. 
As detected in China and as the Italian epidemiological situation confirms, the most prevalent comorbidities in deceased 
patients with COVID-19 are hypertension, diabetes and cardiovascular diseases. Older COVID-19-affected patients with 
cardiovascular comorbidities exhibit a more severe clinical course and a worse prognosis, with many of them being also 
treated with ARBs or ACE-Is. Another confounding factor is cigarette smoking, which has been reported to increase ACE-2 
expression in both experimental models and humans. Sex also plays a role, with chromosome X harbouring the gene coding 
for ACE-2, which is one of the possible explanations of why mortality in female patients is lower. Viral entry also depends 
on TMPRSS2 protease activity, an androgen dependent enzyme. Despite the relevance of experimental animal studies, to 
comprehensively address the question of the potential hazards or benefits of ACE-Is and ARBs on the clinical course of 
COVID-19-affected patients treated by these anti-hypertensive drugs, we will need randomized human studies. We claim 
the need of adequately powered, prospective studies aimed at answering the following questions of paramount importance 
for cardiovascular, internal and emergency medicine: Do ACE-Is and ARBs exert similar or different effects on infection 
or disease course? Are such effects dangerous, neutral or even useful in older, COVID-19-affected patients? Do they act on 
multiple cell types? Since ACE-Is and ARBs have different molecular targets, the clinical course of SARS-CoV-2 infection 
could be also different in patients treated by one or the other of these two drug classes. At present, insufficient detailed data 
from trials have been made available.

Keywords  COVID-19 · Cardiovascular disease · Thrombosis · Endothelium · Angiotensin II receptor blockers · ACE-
inhibitors

Type 2 pneumocytes and ciliated bronchial epithelial cells, 
the main cells within the respiratory system are targeted 
by Severe Acute Respiratory Syndrome (SARS) Coronavi-
ruses (CoVs), namely SARS-CoV and the recently identi-
fied SARS-CoV-2, allow viral entry through the angiotensin-
converting enzyme 2 (ACE-2) [1–4]. ACE-2 expression is 
not limited to the respiratory system, being very represented 
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also in other tissues like gut, heart, kidney as well as arte-
rial and venous endothelial cells in all organs studied [5] 
(Fig. 1). Similar to human immunodeficiency virus (HIV), 
the receptors and co-receptors are expressed also on cells 
of haematopoietic origin [6], SARS-CoV-2 is able to infect 
and cause damage to T lymphocytes, despite their very low 
expression levels of ACE-2, which argues in favour of an 
alternate receptor allowing viral entry into these cells, where 
the virus is not able to replicate [7].

Among SARS-CoV-2-infected patients in Italy who 
died until April 23 and with a median age of 80 years, 
69% of them were hypertensive, 31% had type 2 diabetes, 
27% suffered from ischemic heart disease, 21% from atrial 

fibrillation, and 16% from heart failure, with 82% of them 
showing 2 or more comorbidities [8]. This could contrib-
ute to explain the apparently much higher (around 13%) 
COVID-19-related case-fatality rates in Italy, as compared 
to those reported [9] in cohorts of China patients (around 
5%). In China the lethal cases of SARS-CoV-2 infection 
have occurred in patients with a median age of 63 years 
[10], with their most prevalent comorbidities being rep-
resented, albeit to a lower extent, by hypertension (24%), 
diabetes (16%) and cardiovascular conditions (9%) [11, 
12]. Among 201 SARS-CoV-2-infected patients, (average 
age 51 years), 42% developed severe acute respiratory 

Fig. 1   ACE-2 is expressed on 
lung, gut, kidney epithelial 
cells, cardiac, endothelial cells 
and in testis and to lesser extent 
in the breast, skin and other 
organs
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distress syndrome, 27% had hypertension, and 19% 
were diabetic [13].

In one retrospective study on 416 COVID-19-affected 
patients, those with myocardial injury (transient increase 
of hs-T-troponin values) had significantly higher mortal-
ity than the subgroup without myocardial injury (51% vs 
4.4%, respectively; p < 0.001) [14]. In another report on 187 
COVID-19-affected patients, 23% of whom died, the mortal-
ity rate during hospitalization was, respectively, 7.6% among 
the patients without cardiovascular disease and no eleva-
tion of hs-T-troponin levels, 13.3% among those with an 
underlying cardiovascular disease but normal troponin lev-
els, 37% for those without previous cardiovascular disease 
but elevated troponin levels, and 69% among those showing 
both cardiovascular disease and an increased hs-T-troponin 
profile [15].

A high frequency of thrombosis and thromboembo-
lism has been additionally reported in COVID-19-affected 
patients [16–18] (Fig.  1). ACE-2 expression has been 
demonstrated in endothelial cells from arterial and venous 
vessels [5] and there is clear-cut evidence that endothelial 
cells are prone to acquire SARS-CoV-2 infection [19], with 
subsequent development of endotheliitis, endothelial cell 
damage, systemic vasculitis and disseminated intravascular 
coagulation (DIC). COVID-19-affected patients with acute 
respiratory failure present a severe hypercoagulability rather 
than consumptive coagulopathy [20], with a concurrent 
massive elevation of von Willebrand Factor [21] towards 
massive endothelial stimulation and damage with release 
of von Willebrand Factor from Weibel–Palade bodies. In 
Chinese, Italian and French cohorts of COVID-19-affected 
patients, a substantial increase in D-dimer and fibrin deg-
radation products, along with a longer prothrombin time 
and activated partial thromboplastin time has additionally 
been documented as compared to uninfected patients [18, 
20, 22]. Significantly higher levels of D-dimer and fibrin 
degradation products, along with longer prothrombin and 
activated thromboplastin times were observed in SARS-
CoV-2-infected subjects who did not survive, with the 71.4% 
frequency of DIC in non-survivors and 0.6% in survivors 
highlighting the critical role played by such condition in 
COVID-19 severity and associated deaths [23].

All the above pathogenetic mechanisms, in fact, are 
increasingly known to make a significant contribution to the 
occurrence of severe disease patterns and COVID-19-asso-
ciated mortality [24].

The aforementioned findings raise the following 
concerns:

1.	 COVID-19-affected patients with cardiovascular mor-
bidity, hypertension and diabetes show a worse progno-
sis, particularly in advanced age.

2.	 Many of these patients, in Italy, are currently treated 
with angiotensin II receptor blockers (ARBs) or ACE-
inhibitors (ACE-Is) [25].

3.	 SARS-CoV-2 is known to damage the cardiovascular 
system, thereby causing myocarditis [26], myocardial 
injury, coronary plaque instability, and type 1 myo-
cardial infarction [27], along with oxygen supply and 
demand imbalance, systemic vasculitis, disseminated 
intravascular coagulation (DIC) [14, 22, 23], and heart 
failure [14, 28].

4.	 Renin–angiotensin–aldosterone system (RAAS)-inter-
fering drugs are likely to affect ACE-2 receptor-SARS-
CoV-2 interaction dynamics within lung, heart, vascular, 
kidney and gut tissues [5, 19], while it is still not com-
pletely elucidated how such interactions are relevant to 
the clinical course of cardiovascular comorbidities in 
patients with COVID-19 [29].

Are these two drug classes (ARBs, ACE-Is or other anti-
hypertensive drugs) acting differently from each other in the 
pathogenetic evolution of SARS-CoV-2 infection? Do they 
affect infection of different cell types?

It has been demonstrated that human ACE-2 enzyme is 
a negative regulator of RAAS [30, 31], thus providing a 
crucial link between immunity, inflammation, increased 
coagulopathy, and cardiovascular disease, thereby serving 
as a protective mechanism against heart failure, myocardial 
infarction, lung disease, hypertension, vascular permeabil-
ity, and diabetes [24, 32] (Fig. 2). ACE-2 function, follow-
ing SARS-CoV binding, is reduced due to endocytosis and 
proteolytic cleavage [33] and there are high levels of Ang 
II in the blood of patients with COVID-19 [34, 35]. Con-
sequently, the up-regulation of human ACE-2 induced by 
RAAS-antagonists in SARS-CoV-2-infected patients could 
be clinically useful, due to the cardiovascular protection elic-
ited by the increased activity of angiotensin(1–7), thereby 
attenuating angiotensin II effects on vasoconstriction and 
sodium retention [31, 34]. In vivo ACE-2 deficiency results 
in augmented vascular inflammation and plaque instability 
[36], while its overexpression has been also shown to reduce 
left ventricular damage during myocardial infarction [37]. It 
has been additionally suggested that ACE-2 plays a key role 
in the reduction of left ventricular remodelling as well as in 
preserving ventricular function in humans [38].

Also sex seems to play a role in the pathogenesis of 
SARS-CoV-2 infection, with most of CoViD-19-associ-
ated deaths having been recorded among male individuals 
both in China (70–73%) [11, 39] and in Italy (64%) [8]. 
The fact that the ACE-2-encoding gene is located on chro-
mosome X [40] could be a relevant factor in this regard. 
The SARS-CoV-2 uses the transmembrane protease serine 
2 (TMPRSS2), an androgen-regulated gene, for viral spike 
protein priming [1]. ACE-2 receptor polymorphisms have, 
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in silico, different affinities for the spike proteins SARS-
CoV-2 [41–43]. Another confounding factor is smoke, 
with cigarette smoking increasing ACE-2 expression 
not only in experimental models [44] but also in humans 
[45] notwithstanding the well-established immunomodu-
latory effects of nicotine. Respiratory tract inflammation 
can expand ACE-2 receptor availability for respiratory cell 
infection by SARS-CoV-2. This point is also controversial 
[46], with the percentage of COVID-19-affected patients 
admitted to intensive care units in China being almost dou-
ble in current smokers than in non-smokers [10].

These findings provide important insights into the 
molecular bases of the broad cross-talk between RAAS 
(Fig. 2) and SARS-CoV-2 cellular recognition and infec-
tion [1–3]. Experimental studies on Lewis rats have docu-
mented a 4.7-fold increased expression of cardiac ACE-2 
gene after treatment with the ACE-inhibitor lisinopril, 
and by 2.8-fold after treatment with the angiotensin II 
(AT)1 receptor blocker losartan; however, ACE-2 activ-
ity remained paradoxically unchanged with lisinopril, 
being increased after losartan administration [47]. In 
spontaneously hypertensive rats treated with losartan, 
ACE-2 increased in renal but not in cardiac tissues [48]. 
In contrast, patients treated with ACE-Is and ARBs show 
an ACE-2 down-regulation at the mRNA and protein lev-
els in kidney and cardiac tissues [49]. Angiotensin II is 
also able to up-regulate ACE and down-regulate ACE-2 
in human kidney tubular cells, which were blocked by an 
AT1 receptor antagonist (losartan), but not by an AT2 
receptor blockade [49].

These experimental observations have raised concerns 
that ongoing treatments with ACE-Is or ARBs could worsen 

the prognosis of COVID-19-affected patients suffering from 
simultaneously occurring cardiovascular disease conditions. 
In fact, it has been hypothesized that the ACE-2 overexpres-
sion induced by these two drug classes, although elicited 
by different mechanisms, could favour SARS-CoV-2 human 
lung tissue colonization [50]. By contrast, it has been addi-
tionally claimed that both ARBs [51] and ACE-Is [29] could 
result potentially useful in the clinical course of SARS-CoV-
2-infected patients [34] (Fig. 2).

Due to the huge number of hypertensive, cardiovascu-
lar disease-affected and diabetic people currently treated 
with ACE-Is or ARBs, many of whom are now requesting a 
strong reassurance by their Cardiologists, we think it would 
be necessary to clarify the contents of such a relevant debate 
from a practical/clinical viewpoint.

The recent HFSA/ACC/AHA Statement [52] has 
claimed the need of continuation of ongoing treatments 
with RAAS antagonists in patients taking these drugs for 
various cardiovascular conditions, diabetic nephropathy 
or hypertension, despite theoretical concerns that their use 
might worsen the COVID-19 clinico-pathological evolu-
tion, should these subjects become infected by SARS-
CoV-2. Also the Position Statement of the Council on 
Hypertension of the European Society of Cardiology [53] 
strongly suggests that, since SARS-CoV-2 binds to ACE-2 
enzyme to infect host’s cells, and although ACE-2 levels 
are increased following treatment with ACE-Is and ARBs, 
there is currently lack of evidence supporting in humans 
the harmful effects of ACE-Is and ARBs in the context of 
the COVID-19 pandemic, thereby recommending that phy-
sicians and patients should continue ongoing treatments 
with their usual anti-hypertensive therapies.

Fig. 2   RAAS pathway and 
drugs that target ACE and ARB
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Among the COVID-19-affected, deceased Italian 
patients, 24% of those followed were under treatment 
with ACE-Is and 16% with ARBs [8], with almost 70% of 
them also showing pre-existing hypertension. With the aim 
of reinforcing the above-reported statements, some very 
recent studies further contribute to clarify the debate 
[54–56]. In a retrospective study on 1128 hospitalized 
COVID-19-affected patients with hypertension, includ-
ing patients taking ACE-Is (17%) or ARBs (83%) with a 
median age of 64–66 years (about 52% of whom males) 
and an additional 940 COVID-19-affected patients treated 
by other anti-hypertensive drugs with a median age of 
64 years (about 53% of whom males), the unadjusted case-
fatality rate was either significantly lower in the former 
group versus the non-ACE-Is/ARB group (3.7% vs. 9.8%, 
P = 0.01) [55, 56], or both groups were equal in terms of 
severe disease and deaths [54]. Nevertheless, the Chinese 
cohorts consisted of younger patients and had less comor-
bidities than the Italian CoViD-19-affected patients who 
succumbed to the disease. Interestingly, the platelet count 
was significantly lower [55], similarly to the prothrombin 
time [54] and the D-dimer [56] levels, in the ACE-Is- or 
ARB-treated, COVID-19-affected patients. After multi-
variate analysis for age, sex, comorbidities, and in-hospital 
medications [56], the adjusted HR for the ACE-Is/ARB 
group was 0.42 (95% CI 0.19–0.92; P = 0.03). The cau-
tious conclusion of the authors, due to the intrinsic limita-
tions of a retrospective study, was that “it is unlikely that 
in-hospital use of ACE-inhibitors/ARBs was associated 
with an increased mortality risk” [56]. Four very recent 
retrospective studies did not find any influence of the two 
RAAS-inhibitors on the clinical course [57], the rate of in-
hospital death [58] or propensity of developing COVID-19 
infection [59, 60].

As a conclusive remark, we can summarize “the current 
state-of-the-art” by underscoring and expressing endorse-
ment on the statements independently expressed by HFSA/
ACC/AHA and the Council on Hypertension of the Euro-
pean Society of Cardiology with just one sentence: “Further 
data are needed in order to draw definitive conclusions”.

Conclusions: Due to the large number of older patients 
treated all over the world with RAAS-antagonists for hyper-
tension, diabetic nephropathy and severe cardiovascular 
disease conditions, although both authoritative statements 
and some preliminary contributions seem to dispel the fear 
that RAAS-antagonists could worsen the clinical course of 
COVID-19-affected patients, we claim the need for ade-
quately powered, prospective studies aimed at providing an 
“ad hoc” answer to the following relevant questions: 

1.	 Do ACE-Is and ARBs display similar or quantitatively 
divergent effects in COVID-19 patients?

2.	 Could ACE-Is or ARBs eventually be resulting in neu-
tral, useful, or even dangerous in terms of cardiovascular 
protection in the clinical course of SARS-CoV-2 frail, 
comorbid infected patients?

3.	 How they affect infection of the numerous different type 
of ACE2 positive cells in the organism throughout the 
human body?

At present, insufficient detailed data from trials have been 
made available.

Acknowledgements  We thank Andrea Sonaglioni (Cardiology Unit, 
San Giuseppe Hospital-MultiMedica, Milan, Italy) and Mario Milco 
D’Elios (Department of Experimental and Clinical Medicine, Univer-
sity of Florence, Florence, Italy) for helpful discussion and revision of 
the manuscript. This work has been supported by Italian Ministry of 
Health Ricerca Corrente—IRCCS MultiMedica.

Compliance with ethical standards 

Conflict of interest  The authors declare that this “Point of view” arti-
cle was written in the absence of any commercial or financial relation-
ships that could be construed as a potential conflict of interest.

Statement of human and animal rights  This article does not contain 
any studies with human participants or animals performed by any of 
the authors.

Informed consent  Informed consent was not required for this type of 
study which represents an opinion (Point of view) paper.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

	 1.	 Hoffmann M, Kleine-Weber H, Schroeder S, Kruger N, Herrler 
T, Erichsen S, Schiergens TS, Herrler G, Wu NH, Nitsche A, 
Muller MA, Drosten C, Pohlmann S (2020) SARS-CoV-2 Cell 
entry depends on ACE2 and TMPRSS2 and is blocked by a clini-
cally proven protease inhibitor. Cell. https​://doi.org/10.1016/j.
cell.2020.02.052

	 2.	 Yan R, Zhang Y, Li Y, Xia L, Guo Y, Zhou Q (2020) Structural 
basis for the recognition of the SARS-CoV-2 by full-length human 
ACE2. Science. https​://doi.org/10.1126/scien​ce.abb27​62

	 3.	 Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, Si HR, 
Zhu Y, Li B, Huang CL, Chen HD, Chen J, Luo Y, Guo H, Jiang 
RD, Liu MQ, Chen Y, Shen XR, Wang X, Zheng XS, Zhao K, 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1126/science.abb2762


764	 Internal and Emergency Medicine (2020) 15:759–766

1 3

Chen QJ, Deng F, Liu LL, Yan B, Zhan FX, Wang YY, Xiao 
GF, Shi ZL (2020) A pneumonia outbreak associated with a new 
coronavirus of probable bat origin. Nature 579(7798):270–273. 
https​://doi.org/10.1038/s4158​6-020-2012-7

	 4.	 Wang Q, Zhang Y, Wu L, Niu S, Song C, Zhang Z, Lu G, Qiao C, 
Hu Y, Yuen KY, Wang Q, Zhou H, Yan J, Qi J (2020) Structural 
and functional basis of SARS-CoV-2 entry by using human ACE2. 
Cell. https​://doi.org/10.1016/j.cell.2020.03.045

	 5.	 Hamming I, Timens W, Bulthuis ML, Lely AT, Navis G, van 
Goor H (2004) Tissue distribution of ACE2 protein, the func-
tional receptor for SARS coronavirus. A first step in understand-
ing SARS pathogenesis. J Pathol 203(2):631–637. https​://doi.
org/10.1002/path.1570

	 6.	 Venuti A, Pastori C, Lopalco L (2017) The role of natural antibod-
ies to CC chemokine receptor 5 in HIV infection. Front Immunol 
8:1358. https​://doi.org/10.3389/fimmu​.2017.01358​

	 7.	 Wang X, Xu W, Hu G, Xia S, Sun Z, Liu Z, Xie Y, Zhang R, 
Jiang S, Lu L (2020) SARS-CoV-2 infects T lymphocytes through 
its spike protein-mediated membrane fusion. Cell Mol Immunol. 
https​://doi.org/10.1038/s4142​3-020-0424-9

	 8.	 Gruppo della Sorveglianza COVID-19 (2020) Epicentro ISS coro-
navirus. https​://www.epice​ntro.iss.it/coron​aviru​s/

	 9.	 Deng SQ, Peng HJ (2020) Characteristics of and public health 
responses to the coronavirus disease 2019 outbreak in China. J 
Clin Med. https​://doi.org/10.3390/jcm90​20575​

	10.	 Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, Shan 
H, Lei CL, Hui DSC, Du B, Li LJ, Zeng G, Yuen KY, Chen RC, 
Tang CL, Wang T, Chen PY, Xiang J, Li SY, Wang JL, Liang ZJ, 
Peng YX, Wei L, Liu Y, Hu YH, Peng P, Wang JM, Liu JY, Chen 
Z, Li G, Zheng ZJ, Qiu SQ, Luo J, Ye CJ, Zhu SY, Zhong NS, 
China Medical Treatment Expert Group for C (2020) Clinical 
Characteristics of Coronavirus Disease 2019 in China. N Engl J 
Med. https​://doi.org/10.1056/NEJMo​a2002​032

	11.	 Chen T, Wu D, Chen H, Yan W, Yang D, Chen G, Ma K, Xu D, 
Yu H, Wang H, Wang T, Guo W, Chen J, Ding C, Zhang X, Huang 
J, Han M, Li S, Luo X, Zhao J, Ning Q (2020) Clinical charac-
teristics of 113 deceased patients with coronavirus disease 2019: 
retrospective study. BMJ 368:m1091. https​://doi.org/10.1136/bmj.
m1091​

	12.	 Li B, Yang J, Zhao F, Zhi L, Wang X, Liu L, Bi Z, Zhao Y (2020) 
Prevalence and impact of cardiovascular metabolic diseases on 
COVID-19 in China. Clin Res Cardiol. https​://doi.org/10.1007/
s0039​2-020-01626​-9

	13.	 Wu Z, McGoogan JM (2020) Characteristics of and important 
lessons from the coronavirus disease 2019 (COVID-19) outbreak 
in China: summary of a report of 72314 cases from the chinese 
center for disease control and prevention. JAMA. https​://doi.
org/10.1001/jama.2020.2648

	14.	 Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, Gong W, Liu X, 
Liang J, Zhao Q, Huang H, Yang B, Huang C (2020) Associa-
tion of cardiac injury with mortality in hospitalized patients 
with COVID-19 in Wuhan. JAMA Cardiol, China. https​://doi.
org/10.1001/jamac​ardio​.2020.0950

	15.	 Guo T, Fan Y, Chen M, Wu X, Zhang L, He T, Wang H, Wan J, 
Wang X, Lu Z (2020) Cardiovascular implications of fatal out-
comes of patients with coronavirus disease 2019 (COVID-19). 
JAMA Cardiol. https​://doi.org/10.1001/jamac​ardio​.2020.1017

	16.	 Danzi GB, Loffi M, Galeazzi G, Gherbesi E (2020) Acute pulmo-
nary embolism and COVID-19 pneumonia: a random association? 
Eur Heart J. https​://doi.org/10.1093/eurhe​artj/ehaa2​54

	17.	 Bikdeli B, Madhavan MV, Jimenez D, Chuich T, Dreyfus I, Drig-
gin E, Nigoghossian C, Ageno W, Madjid M, Guo Y, Tang LV, 
Hu Y, Giri J, Cushman M, Quere I, Dimakakos EP, Gibson CM, 
Lippi G, Favaloro EJ, Fareed J, Caprini JA, Tafur AJ, Burton JR, 
Francese DP, Wang EY, Falanga A, McLintock C, Hunt BJ, Spy-
ropoulos AC, Barnes GD, Eikelboom JW, Weinberg I, Schulman 

S, Carrier M, Piazza G, Beckman JA, Steg PG, Stone GW, Rosen-
kranz S, Goldhaber SZ, Parikh SA, Monreal M, Krumholz HM, 
Konstantinides SV, Weitz JI, Lip GYH (2020) COVID-19 and 
thrombotic or thromboembolic disease: implications for preven-
tion, antithrombotic therapy, and follow-up. J Am Coll Cardiol. 
https​://doi.org/10.1016/j.jacc.2020.04.031

	18.	 Llitjos JF, Leclerc M, Chochois C, Monsallier JM, Ramakers M, 
Auvray M, Merouani K (2020) High incidence of venous throm-
boembolic events in anticoagulated severe COVID-19 patients. J 
Thromb Haemost. https​://doi.org/10.1111/jth.14869​

	19.	 Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt R, 
Zinkernagel AS, Mehra MR, Schuepbach RA, Ruschitzka F, Moch 
H (2020) Endothelial cell infection and endotheliitis in COVID-
19. Lancet. https​://doi.org/10.1016/S0140​-6736(20)30937​-5

	20.	 Spiezia L, Boscolo A, Poletto F, Cerruti L, Tiberio I, Campello 
E, Navalesi P, Simioni P (2020) COVID-19-related severe 
hypercoagulability in patients admitted to intensive care unit 
for acute respiratory failure. Thromb Haemost. https​://doi.
org/10.1055/s-0040-17100​18

	21.	 Escher R, Breakey N, Lammle B (2020) Severe COVID-19 infec-
tion associated with endothelial activation. Thromb Res 190:62. 
https​://doi.org/10.1016/j.throm​res.2020.04.014

	22.	 Han H, Yang L, Liu R, Liu F, Wu KL, Li J, Liu XH, Zhu CL 
(2020) Prominent changes in blood coagulation of patients 
with SARS-CoV-2 infection. Clin Chem Lab Med. https​://doi.
org/10.1515/cclm-2020-0188

	23.	 Tang N, Li D, Wang X, Sun Z (2020) Abnormal coagulation 
parameters are associated with poor prognosis in patients with 
novel coronavirus pneumonia. J Thromb Haemost 18(4):844–847. 
https​://doi.org/10.1111/jth.14768​

	24.	 Chen L, Hao G (2020) The role of angiotensin-converting enzyme 
2 in coronaviruses/influenza viruses and cardiovascular disease. 
Cardiovasc Res. https​://doi.org/10.1093/cvr/cvaa0​93

	25.	 Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, 
Burnier M, Clement DL, Coca A, de Simone G, Dominiczak A, 
Kahan T, Mahfoud F, Redon J, Ruilope L, Zanchetti A, Kerins 
M, Kjeldsen SE, Kreutz R, Laurent S, Lip GYH, McManus R, 
Narkiewicz K, Ruschitzka F, Schmieder RE, Shlyakhto E, Tsioufis 
C, Aboyans V, Desormais I, Authors/Task Force M (2018) 2018 
ESC/ESH guidelines for the management of arterial hyperten-
sion: the task force for the management of arterial hypertension 
of the European Society of Cardiology and the European Soci-
ety of Hypertension. J Hypertens 36(10):1953–2041. https​://doi.
org/10.1097/HJH.00000​00000​00194​0

	26.	 Inciardi RM, Lupi L, Zaccone G, Italia L, Raffo M, Tomasoni 
D, Cani DS, Cerini M, Farina D, Gavazzi E, Maroldi R, Adamo 
M, Ammirati E, Sinagra G, Lombardi CM, Metra M (2020) 
Cardiac involvement in a patient with coronavirus disease 2019 
(COVID-19). JAMA Cardiol. https​://doi.org/10.1001/jamac​ardio​
.2020.1096

	27.	 Bangalore S, Sharma A, Slotwiner A, Yatskar L, Harari R, Shah 
B, Ibrahim H, Friedman GH, Thompson C, Alviar CL, Chadow 
HL, Fishman GI, Reynolds HR, Keller N, Hochman JS (2020) 
ST-segment elevation in patients with Covid-19—a case series. 
N Engl J Med. https​://doi.org/10.1056/NEJMc​20090​20

	28.	 Xiong TY, Redwood S, Prendergast B, Chen M (2020) Coronavi-
ruses and the cardiovascular system: acute and long-term implica-
tions. Eur Heart J. https​://doi.org/10.1093/eurhe​artj/ehaa2​31

	29.	 Vaduganathan M, Vardeny O, Michel T, McMurray JJV, Pfeffer 
MA, Solomon SD (2020) Renin-angiotensin-aldosterone system 
inhibitors in patients with Covid-19. N Engl J Med 382(17):1653–
1659. https​://doi.org/10.1056/NEJMs​r2005​760

	30.	 Crackower MA, Sarao R, Oudit GY, Yagil C, Kozieradzki I, 
Scanga SE, Oliveira-dos-Santos AJ, da Costa J, Zhang L, Pei Y, 
Scholey J, Ferrario CM, Manoukian AS, Chappell MC, Backx PH, 
Yagil Y, Penninger JM (2002) Angiotensin-converting enzyme 2 

https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1016/j.cell.2020.03.045
https://doi.org/10.1002/path.1570
https://doi.org/10.1002/path.1570
https://doi.org/10.3389/fimmu.2017.01358
https://doi.org/10.1038/s41423-020-0424-9
https://www.epicentro.iss.it/coronavirus/
https://doi.org/10.3390/jcm9020575
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1136/bmj.m1091
https://doi.org/10.1136/bmj.m1091
https://doi.org/10.1007/s00392-020-01626-9
https://doi.org/10.1007/s00392-020-01626-9
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jamacardio.2020.0950
https://doi.org/10.1001/jamacardio.2020.0950
https://doi.org/10.1001/jamacardio.2020.1017
https://doi.org/10.1093/eurheartj/ehaa254
https://doi.org/10.1016/j.jacc.2020.04.031
https://doi.org/10.1111/jth.14869
https://doi.org/10.1016/S0140-6736(20)30937-5
https://doi.org/10.1055/s-0040-1710018
https://doi.org/10.1055/s-0040-1710018
https://doi.org/10.1016/j.thromres.2020.04.014
https://doi.org/10.1515/cclm-2020-0188
https://doi.org/10.1515/cclm-2020-0188
https://doi.org/10.1111/jth.14768
https://doi.org/10.1093/cvr/cvaa093
https://doi.org/10.1097/HJH.0000000000001940
https://doi.org/10.1097/HJH.0000000000001940
https://doi.org/10.1001/jamacardio.2020.1096
https://doi.org/10.1001/jamacardio.2020.1096
https://doi.org/10.1056/NEJMc2009020
https://doi.org/10.1093/eurheartj/ehaa231
https://doi.org/10.1056/NEJMsr2005760


765Internal and Emergency Medicine (2020) 15:759–766	

1 3

is an essential regulator of heart function. Nature 417(6891):822–
828. https​://doi.org/10.1038/natur​e0078​6

	31.	 Forrester SJ, Booz GW, Sigmund CD, Coffman TM, Kawai T, 
Rizzo V, Scalia R, Eguchi S (2018) Angiotensin II signal trans-
duction: an update on mechanisms of physiology and pathophys-
iology. Physiol Rev 98(3):1627–1738. https​://doi.org/10.1152/
physr​ev.00038​.2017

	32.	 Batlle D, Wysocki J, Khan MS (2010) Vascular angiotensin-
converting enzyme 2: lord of the ring? Circ Res 107(7):822–824. 
https​://doi.org/10.1161/CIRCR​ESAHA​.110.22983​1

	33.	 Kuba K, Imai Y, Rao S, Gao H, Guo F, Guan B, Huan Y, Yang P, 
Zhang Y, Deng W, Bao L, Zhang B, Liu G, Wang Z, Chappell M, 
Liu Y, Zheng D, Leibbrandt A, Wada T, Slutsky AS, Liu D, Qin 
C, Jiang C, Penninger JM (2005) A crucial role of angiotensin 
converting enzyme 2 (ACE2) in SARS coronavirus-induced lung 
injury. Nat Med 11(8):875–879. https​://doi.org/10.1038/nm126​7

	34.	 Gheblawi M, Wang K, Viveiros A, Nguyen Q, Zhong JC, Turner 
AJ, Raizada MK, Grant MB, Oudit GY (2020) Angiotensin 
converting enzyme 2: SARS-CoV-2 receptor and regulator of 
the renin-angiotensin system. Circ Res. https​://doi.org/10.1161/
CIRCR​ESAHA​.120.31701​5

	35.	 Liu Y, Yang Y, Zhang C, Huang F, Wang F, Yuan J, Wang Z, Li J, 
Li J, Feng C, Zhang Z, Wang L, Peng L, Chen L, Qin Y, Zhao D, 
Tan S, Yin L, Xu J, Zhou C, Jiang C, Liu L (2020) Clinical and 
biochemical indexes from 2019-nCoV infected patients linked to 
viral loads and lung injury. Sci China Life Sci 63(3):364–374. 
https​://doi.org/10.1007/s1142​7-020-1643-8

	36.	 Tikellis C, Bernardi S, Burns WC (2011) Angiotensin-converting 
enzyme 2 is a key modulator of the renin-angiotensin system in 
cardiovascular and renal disease. Curr Opin Nephrol Hypertens 
20(1):62–68. https​://doi.org/10.1097/MNH.0b013​e3283​41164​a

	37.	 Der Sarkissian S, Grobe JL, Yuan L, Narielwala DR, Walter GA, 
Katovich MJ, Raizada MK (2008) Cardiac overexpression of 
angiotensin converting enzyme 2 protects the heart from ischemia-
induced pathophysiology. Hypertension 51(3):712–718. https​://
doi.org/10.1161/HYPER​TENSI​ONAHA​.107.10069​3

	38.	 Chamsi-Pasha MA, Shao Z, Tang WH (2014) Angiotensin-
converting enzyme 2 as a therapeutic target for heart failure. 
Curr Heart Fail Rep 11(1):58–63. https​://doi.org/10.1007/s1189​
7-013-0178-0

	39.	 Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, Wang Y, 
Song B, Gu X, Guan L, Wei Y, Li H, Wu X, Xu J, Tu S, Zhang 
Y, Chen H, Cao B (2020) Clinical course and risk factors for 
mortality of adult inpatients with COVID-19 in Wuhan, China: a 
retrospective cohort study. Lancet 395(10229):1054–1062. https​
://doi.org/10.1016/S0140​-6736(20)30566​-3

	40.	 Tipnis SR, Hooper NM, Hyde R, Karran E, Christie G, Turner 
AJ (2000) A human homolog of angiotensin-converting enzyme. 
Cloning and functional expression as a captopril-insensitive car-
boxypeptidase. J Biol Chem 275(43):33238–33243. https​://doi.
org/10.1074/jbc.m0026​15200​

	41.	 Gibson WT, Evans DM, An J, Jones SJ (2020) ACE 2 coding 
variants: a potential X-linked risk factor for COVID-19 disease. 
bioRxiv. https​://doi.org/10.1101/2020.04.05.02663​3

	42.	 Stawiski EW, Diwanji D, Suryamohan K, Gupta R, Fellouse FA, 
Sathirapongsasuti JF, Liu J, Jiang Y-P, Ratan A, Mis M, San-
thosh D, Somasekar S, Mohan S, Phalke S, Kuriakose B, Antony 
A, Junutula JR, Schuster SC, Jura N, Seshagiri S (2020) Human 
ACE2 receptor polymorphisms predict SARS-CoV-2 susceptibil-
ity. BioRxiv. https​://doi.org/10.1101/2020.04.07.02475​2

	43.	 Li Q, Cao Z, Rahman P (2020) Genetic Variability of Human Angi-
otensin-Converting Enzyme 2 (hACE2) Among Various Ethnic 
Populations. BioRxiv. https​://doi.org/10.1101/2020.04.14.04143​
4

	44.	 Yilin Z, Yandong N, Faguang J (2015) Role of angiotensin-
converting enzyme (ACE) and ACE2 in a rat model of smoke 

inhalation induced acute respiratory distress syndrome. Burns 
41(7):1468–1477. https​://doi.org/10.1016/j.burns​.2015.04.010

	45.	 Brake SJ, Barnsley K, Lu W, McAlinden KD, Eapen MS, Sohal 
SS (2020) Smoking upregulates angiotensin-converting enzyme-2 
receptor: a potential adhesion site for novel coronavirus SARS-
CoV-2 (Covid-19). J Clin Med 9(3):841. https​://doi.org/10.3390/
jcm90​30841​

	46.	 Lippi G, Henry BM (2020) Active smoking is not associated with 
severity of coronavirus disease 2019 (COVID-19). Eur J Intern 
Med 75:107–108. https​://doi.org/10.1016/j.ejim.2020.03.014

	47.	 Ferrario CM, Jessup J, Chappell MC, Averill DB, Brosnihan 
KB, Tallant EA, Diz DI, Gallagher PE (2005) Effect of angio-
tensin-converting enzyme inhibition and angiotensin II receptor 
blockers on cardiac angiotensin-converting enzyme 2. Circula-
tion 111(20):2605–2610. https​://doi.org/10.1161/CIRCU​LATIO​
NAHA.104.51046​1

	48.	 Klimas J, Olvedy M, Ochodnicka-Mackovicova K, Kruzliak P, 
Cacanyiova S, Kristek F, Krenek P, Ochodnicky P (2015) Perina-
tally administered losartan augments renal ACE2 expression but 
not cardiac or renal Mas receptor in spontaneously hypertensive 
rats. J Cell Mol Med 19(8):1965–1974. https​://doi.org/10.1111/
jcmm.12573​

	49.	 Koka V, Huang XR, Chung AC, Wang W, Truong LD, Lan HY 
(2008) Angiotensin II up-regulates angiotensin I-converting 
enzyme (ACE), but down-regulates ACE2 via the AT1-ERK/p38 
MAP kinase pathway. Am J Pathol 172(5):1174–1183. https​://doi.
org/10.2353/ajpat​h.2008.07076​2

	50.	 Fang L, Karakiulakis G, Roth M (2020) Are patients with hyper-
tension and diabetes mellitus at increased risk for COVID-19 
infection? Lancet Respir Med. https​://doi.org/10.1016/S2213​
-2600(20)30116​-8

	51.	 Gurwitz D (2020) Angiotensin receptor blockers as tenta-
tive SARS-CoV-2 therapeutics. Drug Dev Res. https​://doi.
org/10.1002/ddr.21656​

	52.	 Bozkurt B, Kovacs R, Harrington B (2020) HFSA/ACC/AHA 
statement addresses concerns Re: using RAAS antagonists 
in COVID-19. https​://www.acc.org/lates​t-in-cardi​ology​/artic​
les/2020/03/17/08/59/hfsa-acc-aha-state​ment-addre​sses-conce​
rns-re-using​-raas-antag​onist​s-in-covid​-19

	53.	 de Simone G (2020) Position Statement of the ESC Council on 
hypertension on ACE-inhibitors and angiotensin receptor block-
ers. Eur Soc Cardiol. https​://www.escar​dio.org/Counc​ils/Counc​
il-on-Hyper​tensi​on-(CHT)/News/posit​ion-state​ment-of-the-esc-
counc​il-on-hyper​tensi​on-on-ace-inhib​itors​-and-ang

	54.	 Li J, Wang X, Chen J, Zhang H, Deng A (2020) Association of 
renin-angiotensin system inhibitors with severity or risk of death 
in patients with hypertension hospitalized for coronavirus disease 
2019 (COVID-19) infection in Wuhan. JAMA Cardiol, China. 
https​://doi.org/10.1001/jamac​ardio​.2020.1624

	55.	 Meng J, Xiao G, Zhang J, He X, Ou M, Bi J, Yang R, Di W, Wang 
Z, Li Z, Gao H, Liu L, Zhang G (2020) Renin-angiotensin system 
inhibitors improve the clinical outcomes of COVID-19 patients 
with hypertension. Emerg Microbes Infect 9(1):757–760. https​://
doi.org/10.1080/22221​751.2020.17462​00

	56.	 Zhang P, Zhu L, Cai J, Lei F, Qin JJ, Xie J, Liu YM, Zhao YC, 
Huang X, Lin L, Xia M, Chen MM, Cheng X, Zhang X, Guo D, 
Peng Y, Ji YX, Chen J, She ZG, Wang Y, Xu Q, Tan R, Wang H, 
Lin J, Luo P, Fu S, Cai H, Ye P, Xiao B, Mao W, Liu L, Yan Y, 
Liu M, Chen M, Zhang XJ, Wang X, Touyz RM, Xia J, Zhang 
BH, Huang X, Yuan Y, Rohit L, Liu PP, Li H (2020) Association 
of inpatient use of angiotensin converting enzyme inhibitors and 
angiotensin II receptor blockers with mortality among patients 
with hypertension hospitalized with COVID-19. Circ Res. https​
://doi.org/10.1161/CIRCR​ESAHA​.120.31713​4

	57.	 Mancia G, Rea F, Ludergnani M, Apolone G, Corrao G (2020) 
Renin–angiotensin–aldosterone system blockers and the risk of 

https://doi.org/10.1038/nature00786
https://doi.org/10.1152/physrev.00038.2017
https://doi.org/10.1152/physrev.00038.2017
https://doi.org/10.1161/CIRCRESAHA.110.229831
https://doi.org/10.1038/nm1267
https://doi.org/10.1161/CIRCRESAHA.120.317015
https://doi.org/10.1161/CIRCRESAHA.120.317015
https://doi.org/10.1007/s11427-020-1643-8
https://doi.org/10.1097/MNH.0b013e328341164a
https://doi.org/10.1161/HYPERTENSIONAHA.107.100693
https://doi.org/10.1161/HYPERTENSIONAHA.107.100693
https://doi.org/10.1007/s11897-013-0178-0
https://doi.org/10.1007/s11897-013-0178-0
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1074/jbc.m002615200
https://doi.org/10.1074/jbc.m002615200
https://doi.org/10.1101/2020.04.05.026633
https://doi.org/10.1101/2020.04.07.024752
https://doi.org/10.1101/2020.04.14.041434
https://doi.org/10.1101/2020.04.14.041434
https://doi.org/10.1016/j.burns.2015.04.010
https://doi.org/10.3390/jcm9030841
https://doi.org/10.3390/jcm9030841
https://doi.org/10.1016/j.ejim.2020.03.014
https://doi.org/10.1161/CIRCULATIONAHA.104.510461
https://doi.org/10.1161/CIRCULATIONAHA.104.510461
https://doi.org/10.1111/jcmm.12573
https://doi.org/10.1111/jcmm.12573
https://doi.org/10.2353/ajpath.2008.070762
https://doi.org/10.2353/ajpath.2008.070762
https://doi.org/10.1016/S2213-2600(20)30116-8
https://doi.org/10.1016/S2213-2600(20)30116-8
https://doi.org/10.1002/ddr.21656
https://doi.org/10.1002/ddr.21656
https://www.acc.org/latest-in-cardiology/articles/2020/03/17/08/59/hfsa-acc-aha-statement-addresses-concerns-re-using-raas-antagonists-in-covid-19
https://www.acc.org/latest-in-cardiology/articles/2020/03/17/08/59/hfsa-acc-aha-statement-addresses-concerns-re-using-raas-antagonists-in-covid-19
https://www.acc.org/latest-in-cardiology/articles/2020/03/17/08/59/hfsa-acc-aha-statement-addresses-concerns-re-using-raas-antagonists-in-covid-19
https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang
https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang
https://www.escardio.org/Councils/Council-on-Hypertension-(CHT)/News/position-statement-of-the-esc-council-on-hypertension-on-ace-inhibitors-and-ang
https://doi.org/10.1001/jamacardio.2020.1624
https://doi.org/10.1080/22221751.2020.1746200
https://doi.org/10.1080/22221751.2020.1746200
https://doi.org/10.1161/CIRCRESAHA.120.317134
https://doi.org/10.1161/CIRCRESAHA.120.317134


766	 Internal and Emergency Medicine (2020) 15:759–766

1 3

Covid-19. N Engl J Med. https​://doi.org/10.1056/NEJMo​a2006​
923

	58.	 Mehra MR, Desai SS, Kuy S, Henry TD, Patel AN (2020) Car-
diovascular disease, drug therapy, and mortality in Covid-19. N 
Engl J Med. https​://doi.org/10.1056/NEJMo​a2007​621

	59.	 Mehta N, Kalra A, Nowacki AS, Anjewierden S, Han Z, Bhat 
P, Carmona-Rubio AE, Jacob M, Procop GW, Harrington S, 
Milinovich A, Svensson LG, Jehi L, Young JB, Chung MK (2020) 
Association of use of angiotensin-converting enzyme inhibitors 
and angiotensin II receptor blockers with testing positive for coro-
navirus disease 2019 (COVID-19). JAMA Cardiol. https​://doi.
org/10.1001/jamac​ardio​.2020.1855

	60.	 Reynolds HR, Adhikari S, Pulgarin C, Troxel AB, Iturrate E, 
Johnson SB, Hausvater A, Newman JD, Berger JS, Bangalore S, 
Katz SD, Fishman GI, Kunichoff D, Chen Y, Ogedegbe G, Hoch-
man JS (2020) Renin–angiotensin–aldosterone system inhibitors 
and risk of Covid-19. N Engl J Med. https​://doi.org/10.1056/
NEJMo​a2008​975

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Affiliations

Adriana Albini1   · Giovanni Di Guardo2 · Douglas McClain Noonan1,3 · Michele Lombardo4

1	 Scientific and Technology Pole, IRCCS MultiMedica, Milan, 
Italy

2	 Faculty of Veterinary Medicine, University of Teramo, 
64100 Teramo, Italy

3	 Department of Biotechnology and Life Sciences, University 
of Insubria, Varèse, Italy

4	 Cardiology Unit, San Giuseppe Hospital-MultiMedica, 
Milan, Italy

https://doi.org/10.1056/NEJMoa2006923
https://doi.org/10.1056/NEJMoa2006923
https://doi.org/10.1056/NEJMoa2007621
https://doi.org/10.1001/jamacardio.2020.1855
https://doi.org/10.1001/jamacardio.2020.1855
https://doi.org/10.1056/NEJMoa2008975
https://doi.org/10.1056/NEJMoa2008975
http://orcid.org/0000-0002-9624-5103

	The SARS-CoV-2 receptor, ACE-2, is expressed on many different cell types: implications for ACE-inhibitor- and angiotensin II receptor blocker-based cardiovascular therapies
	Abstract
	Acknowledgements 
	References




