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Abstract:

Background

The role of the renin-angiotensin-aldosterone system in COVID-19 is controversially
discussed. SARS-CoV-2 enters host cells by binding to angiotensin-converting enzyme 2
and activity of the renin-angiotensin-aldosterone system may affect susceptibility to SARS-

CoV-2 infection and outcome of patients with COVID-19.

Methods
In this prospective single-center study, we determined the serum levels of ACE-2,
angiotensin Il and aldosterone in patients with COVID-19 compared to control patients

presenting with similar symptoms in the emergency unit.

Results

We analyzed serum samples from 24 SARS-CoV-2 positive and 61 SARS-CoV-2 negative
patients. SARS-CoV-2 positive and control patients did not differ in baseline patients
characteristics, symptoms and clinical presentation. Mean serum concentrations of ACE2,
angiotensin Il, and aldosterone did not differ between the SARS-CoV-2 positive and the
control group. In line with this, serum potassium as surrogate parameter for RAAS activity

and blood pressure were similar in both groups.

Conclusions
In summary, we did not find evidence for altered RAAS activity including angiotensin Il,

aldosterone, or potassium levels, and blood pressure in patients with COVID-19.
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Background: Coronavirus disease 2019 (COVID-19), caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), is associated with significant morbidity
and mortality worldwide. Since SARS-CoV-2 enters host cells by binding to angiotensin-
converting enzyme 2 (ACE2)%, the role of the renin-angiotensin-aldosterone system (RAAS)

and the safety or RAAS inhibitors in COVID-19 is controversially discussed®®.

The formation of angiotensin Il out of angiotensin | is mediated by angiotensin-converting
enzyme (ACE). Angiotensin Il acts via the angiotensin Il receptor type 1 as a potent
vasoconstrictor. In addition, it promotes the secretion of aldosterone from the adrenal gland.
Both, angiotensin Il and aldosterone, increase blood pressure and drive adverse tissue
remodeling. Accordingly, inhibitors of the RAAS such as ACE inhibitors or angiotensin
receptor blockers (ARB) are frequently prescribed drugs for hypertension and heart disease.
However, the detrimental effects of ACE and angiotensin Il are not limited to the
cardiovascular system. Angiotensin Il promotes pulmonary vasoconstriction and vascular
permeability, induces the production of inflammatory cytokines and extracellular matrix
synthesis, and thus contributes to many of the key characteristics of acute respiratory
distress syndrome (ARDS)*°. In contrast to ACE, ACE 2 mediates the breakdown of
angiotensin | or angiotensin Il to angiotensin-(1-9) or angiotensin-(1-7), respectively, that act

as potent vasodilators®.

Different levels of interaction between the RAAS and SARS-CoV-2 have been proposed,
suggesting that ACE2 in COVID-19 may be a double-edged sword®®: On the one hand, age,
comorbidities, or treatment with RAAS inhibitors may alter ACE2 expression and thereby
potentially increase SARS-CoV-2 susceptibility of respective patient groups”®.
Supplementing soluble ACE2 has been suggested as measure to block SARS-CoV-2 cell
entry®. On the other hand, RAAS inhibition or increased plasma ACE2 expression may break
down angiotensin Il and attenuate its detrimental effects on ARDS in COVID-19%. Finally,
SARS-CoV-2 infection itself may alter ACE2 expression, thus modulating angiotensin Il and

aldosterone levels. In this study, we determined the serum levels of ACE-2, angiotensin Il



and aldosterone in patients with COVID-19 compared to control patients presenting with

similar symptoms in the emergency unit.

Methods: All-comers admitted to the department of emergency medicine of the University
Medical Center — University of Freiburg undergoing a PCR testing for SARS-CoV-2 from
throat swab were included in this prospective single-center study (DRKS00021206,
approved by the local ethical committee of the University of Freiburg (EK 153/20)). The
decision to test for SARS-CoV-2 was made by the treating physician and patients were
included before test results were available. We analyzed serum samples from 24 SARS-
CoV-2 positive and 61 SARS-CoV-2 negative patients (control) obtained at the time point of
study inclusion and determined ACE2, angiotensin Il, and aldosterone by ELISA following
the manufacturers’ instructions (ACE2 ELISA kit, CSB-E04489h, Cusabio, Houston, TX,
USA; angiotensin Il ELISA kit, Enzo Life Sciences, Lausen, Switzerland; Aldosterone

ELISA, IBL International GmbH, Hamburg, Germany).

Statistical analyses were performed using SPSS (version 25, IBM, SPSS Statistics, Armonk,
USA) and GraphPad Prism 8 (GraphPad Software, San Diego, USA). Continuous variables
were compared using student’s t-test. Categorical variables were assessed by chi-square

test. Correlation analysis was performed using the Spearman test for non-parametric data.

Results: SARS-CoV-2 positive and control patients did not differ in baseline patients
characteristics such as age, BMI, or sex (58.3 vs 49.2 % females, p=0.479). Symptoms
(rate of dyspnea, cough or fever) and clinical presentation at admission (heart rate,
respiratory rate, SOFA-score) were similar in both groups, indicating comparable grades of
illness. The rate of patients with previously diagnosed arterial hypertension was numerically
higher in the SARS-CoV-2 negative group (33.3% for the SARS-CoV-2 positive and 50.8%
for the SARS-CoV-2 negative patients), however the difference was not statistically

significant (p=0.158). 33.3% of all patients from the COVID-19 group reported the intake of



ACE inhibitors, ARB, angiotensin receptor-neprilysin inhibitors, or MR antagonists, alone or
in combination, compared to 36.1% in the control group (p=1.0 for overall comparison,
p>0.05 for individual comparisons, Figure 1A). The use of diuretics was 20.8% in SARS-
CoV-2 positive and 21.3% in SARS-CoV-2 negative patients (p=1.0). Main diagnoses in the
control group were non-COVID-19 infectious diseases (56%), including 5 cases of
pneumonia (8.2%), or acute cardiac disease including heart failure or coronary syndromes
(14%). We performed a standardized 30-days follow-up to track the patients’ clinical course.
2 participants from the SARS-CoV-2 positive cohort (8.3%) and 6 from the control group
(9.8%) were admitted to ICU (p=1.0). 30-days mortality was 4.2% in the COVID-19 group

and 8.2% in the SARS-CoV-2 negative cohort (p=0.671).

In our collective, angiotensin Il and aldosterone levels were positively correlated with each
other (Spearman r=0.3108, p=0.004). Mean serum concentrations of ACE2 (1264 pg/ml vs.
1463 pg/ml), angiotensin Il (4763 pg/ml vs. 4369 pg/ml), and aldosterone (151 pg/ml vs.
185 pg/ml) did not differ between the SARS-CoV-2 positive and the control group (Figure 1
B-D). In line with this, serum potassium as surrogate parameter for RAAS activity and blood

pressure were similar in both groups (Figure 1 E-G).

Conclusions: In summary, we did not find evidence for altered RAAS activity including
angiotensin Il, aldosterone, or potassium levels, and blood pressure in patients with COVID-
19. Our study supports a very recent report describing unchanged ACE2 activity in patients
with COVID-19 with or without ACE inhibitors or ARBs™*. Using a similar approach, Kintscher
and colleagues included 31 SARS-CoV-2 positive and 27 SARS-CoV-2 negative patients®.
Though patient numbers in both studies are limited, they increase the number of reports
investigating RAAS activity levels in COVID-19. While we cannot fully exclude unspecific
detection of angiotensin | by the ELISA used here, Kintscher and colleagues found no

difference in angiotensin Il / angiotensin | peptide ratio in patients with COVID-19 as



determined by LC-MS/MS'. Likewise, immunoassays might overestimate absolute
aldosterone levels when compared to LC-MS/MS*, however, direct comparison of SARS-

CoV-2 positive and negative patients revealed no relative change in aldosterone levels.

It is a limitation to our study, that most of the patients included had non-severe COVID-19. A
smaller study from Wuhan, China, had reported that plasma levels of angiotensin Il were
increased in 12 cases of severe COVID-19 pneumonia compared to healthy controls and
associated with disease severity™*. More recently, it has been shown that severity of ARDS
in patients with COVID-19 was associated with an increase in blood pressure and decrease
in serum potassium concentrations, suggesting high RAAS activity'*. On the other hand, we
consider it a key strength of this study that we compared patients with COVID-19 to patients
with other diseases but comparable characteristics and severity, not healthy individuals. This
enables us to distinguish the proposed specific activation of the RAAS by SARS-CoV-2
interaction with ACE2 from unspecific activation in severe disease. Increased angiotensin
concentrations have been associated with adverse outcomes of patients with ARDS™ or
heart disease™ earlier, and our findings support the interpretation that this is not specific for
COVID-19. The findings from this study are in line with a series of retrospective registries
that demonstrated no effect of RAAS inhibitors on SARS-CoV-2 susceptibility or outcome of

patients with COVID-19°.
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Figure legends:

Figure 1: Components of the renin-angiotensin-aldosterone system in patients with
COVID-19. We included SARS-CoV-2 positive and negative patients with or without ACE
inhibitor (ACEI), angiotensin receptor blocker (ARB), angiotensin receptor-neprilysin inhibitor
(ARNI), or mineralocorticoid receptor antagonist (MRA) treatment in a prospective study (A).
Serum concentrations of angiotensin converting enzyme 2 (ACE2, B), angiotensin Il (C),
aldosterone (D), and potassium (E) were measured by ELISA or during routine laboratory
measurement, respectively. Systolic and diastolic blood pressure (F-G) at admission was
derived from medical records. Mean+tSEM. SARS-CoV-2 positive (n=24) or SARS-CoV-2
negative (n=61).
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