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ARTICLE INFO ABSTRACT

Keywords: Among the various comorbidities potentially worsening the clinical outcome in patients hospitalized for the
SARS-CoV-2 acute respiratory syndrome coronavirus-2 (SARS-CoV-2), hypertension is one of the most prevalent. However,
COVID-19 the basic mechanisms underlying the development of severe forms of coronavirus disease 2019 (COVID-19)
Blood pressure . . . . . - . . .
Hypertension among hypertensive patients remain undefined and the direct association of hypertension with outcome in
Vaccines COVID-19 is still a field of debate.

COVID-19 vaccination
ACE2

Renin-angiotensin system
Spike protein

Experimental and clinical data suggest that SARS-CoV-2 infection promotes a rise in blood pressure (BP)
during the acute phase of infection. Acute increase in BP and high in-hospital BP variability may be tied with
acute organ damage and a worse outcome in patients hospitalized for COVID-19. In this context, the failure of the
counter-regulatory renin-angiotensin-system (RAS) axis is a potentially relevant mechanism involved in the raise
in BP. It is well recognized that the efficient binding of the Spike (S) protein to angiotensin converting enzyme 2
(ACE2) receptors mediates the virus entry into cells. Internalization of ACE2, downregulation and malfunction
predominantly due to viral occupation, dysregulates the protective RAS axis with increased generation and
activity of angiotensin (Ang) II and reduced formation of Ang; ;. Thus, the imbalance between Ang II and Ang;_;
can directly contribute to excessively rise BP in the acute phase of SARS-CoV-2 infection. A similar mechanism
has been postulated to explain the raise in BP following COVID-19 vaccination (“Spike Effect” similar to that
observed during the infection of SARS-CoV-2). S proteins produced upon vaccination have the native-like
mimicry of SARS-CoV-2 S protein’s receptor binding functionality and prefusion structure and free-floating S
proteins released by the destroyed cells previously targeted by vaccines may interact with ACE2 of other cells,
thereby promoting ACE2 internalization and degradation, and loss of ACE2 activities.

1. Introduction

The most frequent comorbidity in patients with coronavirus disease
2019 (COVID-19) is hypertension [1-3]. Despite some reports seem to

Data accrued over the last 2 years reported that specific comorbid- support the notion that hypertension represents a risk factor for sus-
ities are associated with increased risk of the severe acute respiratory ceptibility to SARS-CoV-2 infection, a more severe course of COVID-19,
syndrome coronavirus-2 (SARS-CoV-2) infection and worse outcomes and increased COVID-19-related deaths [6-13], the exact mechanisms
with development of increased severity of lung injury and mortality explaining the development of severe forms of COVID-19 among hy-
[1-5]. pertensive patients remain undefined.

* None of the authors of this study has financial or other reasons that could lead to a conflict of interest.
* Corresponding author at: Department of Medicine and Surgery, University of Insubria, Department of Medicine and Cardiopulmonary Rehabilitation, Istituti
Clinici Scientifici Maugeri, IRCCS Tradate, Varese, Italy.
E-mail address: angeli.internet@gmail.com (F. Angeli).

https://doi.org/10.1016/j.€jim.2022.12.004

Received 11 October 2022; Received in revised form 7 December 2022; Accepted 12 December 2022

Available online 13 December 2022

0953-6205/© 2022 European Federation of Internal Medicine. Published by Elsevier B.V. All rights reserved.


mailto:angeli.internet@gmail.com
www.sciencedirect.com/science/journal/09536205
https://www.elsevier.com/locate/ejim
https://doi.org/10.1016/j.ejim.2022.12.004
https://doi.org/10.1016/j.ejim.2022.12.004
https://doi.org/10.1016/j.ejim.2022.12.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ejim.2022.12.004&domain=pdf

F. Angeli et al.

Recent investigations demonstrated that SARS-CoV-2 infection may
promote a significant rise in blood pressure (BP) during the acute phase
of infection [14-17] and that in-hospital acute increase of BP and the
development of high BP variability might be associated with acute organ
failure and unfavorable outcome in patients with COVID-19 [16].

More recently, reports on safety of COVID-19 vaccines included a
significant rise in BP following vaccination as potential adverse reaction
[18-20]. In this context, some investigations argued a specific effect of
COVID-19 vaccines on the renin-angiotensin system (RAS) as mediated
by the interaction between free floating Spike (S) proteins produced
upon vaccination and angiotensin (Ang) converting enzyme 2 (ACE2)
receptors (the “Spike effect) [18,20,21].

The main aim of our narrative review was to summarize available
evidences on the effect of SARS-CoV-2 infection and COVID-19 vaccines
on BP. For this purpose, we identified clinical and experimental studies
according to established methods [22,23]. Literature searches were
conducted using Google Scholar, Scopus, PubMed, EMBASE, and Web of
Science databases. We searched for eligible studies using research
Methodology Filters [22,23]. The following research terms were used:
“COVID-19, SARS-CoV-2, blood pressure, hypertension, high blood
pressure, vaccines, and vaccination”.

2. SARS-CoV-2 infection and blood pressure

Several comorbidities may worsen the clinical outcomes in patients
hospitalized for SARS-CoV-2 [6,7,9,10]. Among risk factors that have
been linked with COVID-19 [24], hypertension is one of the most
common [6-10] and its direct association with outcome in COVID-19 is
a field of debate [3,25,26]. A systematic overview and meta-analysis of 7
clinical studies analyzing data of 1576 COVID-19 patients demonstrated
that the most prevalent comorbidity was hypertension (21.1%, 95%
confidence interval [CI]: 13.0-27.2%) [27]. Furthermore, hypertension
was associated with an increased risk of severe COVID-19 (odds ratio
[OR]: 2.49; 95% CI: 1.98-3.12) and death (OR: 2.42; 95% CI: 1.51-3.90)
[28].

On the other hand, in-hospital acute rise in BP and increased BP
variability are frequently observed during hospitalization for COVID-19
and they seem to be significant independent predictors of bad outcome
in COVID-19 patients [14,15]. More specifically, an observational clin-
ical study in COVID-19 showed that an exaggerated cardiovascular
response due to persistently elevated and unstable BP occurring during
hospitalization are independently associated with in-hospital death,
intensive care unit (ICU) admission, and worsening heart failure [14]. In
this retrospective cohort study involving 803 hypertensive patients,
8.3% were admitted to ICU, 3.7% had respiratory failure, 3.2% had
heart failure, and 4.8% died. After adjustment for several confounders,
average systolic BP (hazard ratio [HR] per 10 mmHg: 1.89; 95% CI:
1.15-3.13) and pulse pressure (HR per 10 mmHg: 2.71; 95% CI:
1.39-5.29) were independent predictors of heart failure. Moreover, the
standard deviations of systolic and diastolic BP were independently
associated with mortality and ICU admission.

To investigate the effect of COVID-19 on BP during short term follow-
up, Akpek and co-workers [29] analyzed data of 153 consecutive
COVID-19 patients. Mean age of study population was 47 + 13 years and
the main study outcome was the development of new onset hypertension
according to current Guidelines [29]. Both systolic (121 + 7 mmHg vs
127 + 15 mmHg, p<0.001) and diastolic BP (79 + 4 vs 82 + 7 mmHg, p
<0.001) were significantly higher in the post COVID-19 period than on
admission. Notably, a new diagnosis of hypertension was observed in 18
patients at the end of the observation [29].

Similarly, the clinical data of 366 hospitalized COVID-19-confirmed
patients without prior hypertension showed an incidence of rise in BP
during hospitalization equal to 8.42%, with a significantly increased
level of troponin, procalcitonin, and Ang II [30].

More recently, a prospective case-control study from our group
analyzed BP changes among hospitalized patients with confirmed
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diagnosis of SARS-CoV-2 infection.

The infection was established by RNA reverse-transcriptase-
polimerase-chain-reaction (PCR) assays from nasopharyngeal swab
specimens. All patients had imaging features for COVID-19 pneumonia.
The clinical outcome was the development of a persistent increase in BP
(as defined by BP values > 140 mmHg systolic or 90 mmHg diastolic for
at least two consecutive days) requiring a new or intensified anti-
hypertensive treatment during hospitalization [17]. A control group of
patients with bacterial pneumonia (diagnostic tests for SARS-CoV-2
infection were negative along the entire hospitalization period) was
also enrolled and used to analyze the differences in BP with COVID-19
pneumonia. Notably, age, BP at admission, main clinical features and
in-hospital management, demographic data, and prevalence of risk
factors and comorbidities were similar between cases with COVID-19
pneumonia and controls with bacterial pneumonia. Systolic (126 vs
118 mmHg, p = 0.016) and diastolic (79 vs 70 mmHg, p<0.0001) BP
values recorded during the acute phase were significantly different be-
tween the two groups. Overall, a persistent increase in BP was detected
in 28 patients. Specifically, 25 and 3 patients met the primary endpoint
among COVID-19 and bacterial pneumonia, respectively (p = 0.001).
Estimating the effects of covariates with multivariable regression
models, COVID-19 pneumonia was associated with a 7-fold higher risk
of uncontrolled hypertension when compared with bacterial pneumonia
(OR: 6.99; 95% CI: 1.89 to 25.80; p = 0.004), even after adjustment for
confounders (Fig. 1).

Results of the aforementioned clinical studies support the notion that
a significant increase in BP may be used to identify patients at increased
risk of adverse outcome when recorded in the early phase of hospitali-
zation. Indeed, the development of severe forms of COVID-19 may be
linked to hypotension, as recorded during acute heart failure, myocar-
dial infarction, and arrhythmias. Other clinical conditions (including
fever, dehydration, acute kidney injury, in-hospital over-infections,
weight loss, physical inactivity, and acute respiratory failure) may affect
BP values [9,13,31].

3. Raise in blood pressure following COVID-19 vaccination

After the first report by Meylan and co-workers who described a case
series of 9 patients (8 were symptomatic) with stage III hypertension
following COVID-19 vaccination [32], a number of studies evaluated the
rate of increased BP as potential adverse reaction to vaccination.

Sanidas and co-workers [33] evaluated the effects of COVID-19
vaccination on BP in patients with history of controlled hypertension
(defined as systolic/diastolic BP <140/90 mmHg) and healthy controls.
Overall, 100 patients were enrolled [33]. All patients had BP measure-
ments (both home and ambulatory) between the 5th and the 20th day
after fully COVID-19 vaccination [33]. Patients with history of
controlled hypertension showed a mean home and 24-h ambulatory BP
equal to 175/97 mmHg and 177/98 mmHg, respectively [24]. More-
over, healthy controls showed a home BP of 158/96 mmHg and a 24-h
ambulatory BP equal to 157/95 mmHg [33].

Ch’ng and coworkers [34] evaluated 4906 healthcare workers,
recording BP when the staff members arrived at the vaccination site,
immediately after vaccination, and 15-30 min later. Mean
pre-vaccination systolic/diastolic BP was 130.1/80.2 mmHg and the
mean changes after vaccination were +2.3/+2.4 mmHg for systo-
lic/diastolic BP [34].

Pharmacovigilance databases were also used to evaluate this phe-
nomenon, showing proportions of abnormal or increased BP after
vaccination ranging from 1% to 3% [35-37]. Among these, a retro-
spective analysis involving 21,909 subjects, exhibited the largest pro-
portion of this phenomenon [38]. Specifically, Bouhanick and
co-workers investigated the BP profile of vaccinated patients and
healthcare workers after the first and the second dose of COVID-19
vaccine [38]. Overall, 8121 subjects (37%) exhibited systolic and/or
diastolic BP above 140 and/or 90 mmHg after the first dose.
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Fig. 1. Probability of persistent raise in BP during hospitalization for COVID-19 according to type of pneumonia, age, and number of comorbidities (see text for

details). Legend: BP=blood pressure.

Interestingly, the majority (64%) of subjects with abnormal BP after the
first injection showed a persistent abnormal BP after the second one
[38].

Surveys specifically designed to evaluate BP changes following
vaccination showed an incidence of raise in BP after COVID-19 vacci-
nation ranging from 1% to 5% (5% in the analysis by Tran and co-
workers [39] and Zappa and co-workers [40], and about 1% among
subjects enrolled in the study by Syrigos and co-workers [41]). Just
recently, Simonini and co-workers evaluated data from a large cohort of
1866 vaccinated healthcare workers [42]. They documented a BP in-
crease in 153 subjects (8%) [42]. BP alterations presented with greater
frequency at the 2nd or booster dose [42]. Furthermore, in 39 subjects
(2%) a diagnosis of hypertension was done after vaccination, and among
subjects already on antihypertensive therapy, 11% had to increase

therapy [42]. The same Authors also recorded a significant proportion
(4%) of subjects reporting a decrease in BP [42]. Nonetheless, the lack of
definition and magnitude of BP decrease does not permit to evaluate the
influence of conditions such as masked hypertension [42].

A systematic overview and meta-analysis including 6 studies (for a
total of 357,387 subjects and 13,444 events) showed a pooled estimated
proportion of abnormal/increased BP after vaccination equal to 3.91%
(95% CI: 1.25 - 11.56, Fig. 2— upper panel). A similar pooled proportion
(3.20%; 95% CI: 1.62 — 6.21) was computed after the exclusion of 2
studies identified as statistical outliers (Fig. 2, lower panel) [21].
Notably, the proportion of cases of clinically significant increase in BP
(stage III hypertension, hypertensive urgencies, and hypertensive
emergencies) was 0.6% [21].
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Fig. 2. Proportions of increased BP after vaccination in a meta-analysis of 6 studies, for a total of 357,387 subjects and 13,444 adverse events [21].
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4. Mechanisms
4.1. The role of ACE2

Although hypertension seems to be linked to the pathogenesis of
COVID-19 and acute elevations in BP during the acute phase of infection
seem to be related with SARS-CoV-2 replication [14], the exact mech-
anism is still debated.

The failure of the counter-regulatory RAS axis, characterized by the
decrease of generation of the protective Angiotensin;; (Ang; ) and
ACE2 receptors expression [43-45], appears to be the most relevant
causative mechanism implicated in the raise of BP and worse outcome of
COVID-19 [46-50]. Indeed, recent investigations demonstrated the
development of an “Angiotensin II storm” [51] or “Angiotensin II
intoxication” [52] during the acute phase of SARs-CoV-2 infection [10,
16,46,47,53,54].

It is well recognized that the virus entry into cells is mediated by the
efficient binding of the Spike (S) protein (which comprises S1 and S2
subunits) to ACE2 receptors (Fig. 3) [49,55]. ACE2 receptors are ubig-
uitary expressed in human tissues [56] and they are composed by 805
amino acids. ACE2 are responsible for the cleavage (using a single
extracellular catalytic domain) of an amino acid from Ang I to form
Ang; o and to remove an amino acid from Ang II to form Ang;_y (Fig. 4)
[57].

ACE2 downregulation/internalization, and malfunction predomi-
nantly due to viral occupation (as mediated by the binding between S
proteins and ACE2), dysregulates the protective RAS axis with reduced
formation of Ang;7 and increased generation and activity of Ang II
(Fig. 5) [46-48].

First step:

the N-terminal portion of the viral
protein unit S1 binds to a pocket of
the ACE2 receptor.

Second step:

protein cleavage between the S1 and
S2 units, operated by the receptor
transmembrane protease serine 2
(TMPRSS2; structurally contiguous
to ACE2 receptor).

Third step:

after the cleavage of the viral protein
by TMPRSS2, the viral S2 unit
undergoes a conformational
rearrangement driving the fusion
between the viral and cellular
membrane, with subsequent entry of
the virus into cell, release of its
content, replication, and infection of
other cells.

i

regulation

Fig. 3. Steps of SARS-CoV-2 entry process. The main step after the invasion of
SARS-CoV-2 is binding to membranal ACE2 receptor; see text for details.
Legend: ACE2=angiotensin-converting enzyme 2 receptor.
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Notably, Ang II is directly involved in BP regulation and inflamma-
tory pathways (which are both disturbed in COVID-19 [58-60]), and the
imbalance between Ang II and Ang;_7 can directly contribute to devel-
opment of high BP in the acute phase of SARS-CoV-2 infection [19].

In this context, Wu and co-workers demonstrated a significant raise
in Ang II levels among COVID-19 patients [61]. More specifically, they
evaluated whether the plasmatic activity of Ang II is dysregulated in
COVID-19 patients. They demonstrated increased Ang II levels in the
majority (90%) of COVID-19 patients, and a direct association between
plasma Ang II levels and COVID-19 severity [61].

Similar results were obtained in the aforementioned study by Chen
and co-workers [30].

Furthermore a clinical study investigating disease severity in SARS-
CoV-2 infected patients, found that plasmatic Ang II levels were signif-
icantly increased and linearly associated with lung damage and viral
load [62].

The picture is further complicated analyzing the phenomenon of
raised BP following COVID-19 vaccination. However, a “Spike Effect”
similar to that observed during the infection of SARS-CoV-2 may be
postulated.

Recent observations demonstrated that S proteins produced upon
vaccination have the native-like mimicry of SARS-CoV-2 S protein’s
receptor binding functionality and prefusion structure [20,63].
Free-floating S proteins released by the destroyed cells previously tar-
geted by COVID-19 vaccines may interact with ACE2 receptors of other
cells, thereby promoting degradation, internalization, and loss of cata-
lytic activities of ACE2 receptors [20,64]. These mechanisms may
enhance the imbalance between Ang II overactivity and Ang; 7 defi-
ciency, contributing to an increase in BP (Fig. 6) [40,65].

The role of RAS in the biology of COVID-19 support the hypothesis
that its pharmacological modulation may favorably impact organ
dysfunction and illness severity. After the concern at the beginning of
the pandemic on the susceptibility to infection and disease severity
enhanced by ACE-inhibitors (ACE-Is) and angiotensin type-1 receptor
blockers (ARBs) [66], some reports provided data on the potential
benefit of angiotensin receptor modulators in COVID-19 [67-69]. Just
recently, a prospective study specifically tested the prognostic value of
exposure to RAS modifiers among 566 hypertensive patients with
COVID-19 [54]. During hospitalization 66 patients died and exposure to
RAS modifiers was associated with a significant reduction (—46%, p =
0.019) in the risk of in-hospital mortality when compared to other
BP-lowering strategies [54]. Exposure to ACE-Is was not significantly
associated with a reduced risk of in-hospital mortality when compared
with patients not treated with RAS modifiers; conversely, ARBs users
showed a 59% lower risk of death (p = 0.016) even after allowance for
several prognostic markers [54]. Furthermore, the discontinuation of
RAS modifiers during hospitalization did not exert a significant effect (p
= 0.515) [54].

Nonetheless, recent randomized trials consistently show neither
benefit nor harm from inhibition of RAS [70-72]. Of note, these trials
were conducted in patients with early, mild, or moderate disease and the
role of RAS modulation in critically ill COVID-19 remains to be evalu-
ated [70-72].

4.2. The role of other angiotensinases

In the last few years, other Ang;; forming enzymes have been
identified [59]. To date, the Ang II-Ang; 7 axis of the RAS includes three
carboxypeptidases forming by cleavage Ang; 7 from Ang II: ACE,, prolyl
oligopeptidase (POP), and prolyl carboxypeptidases (PRCP) [59]. Spe-
cifically, POP cuts at the C-side of an internal proline and cleaves Ang I
to form Ang; 7, and Ang II to form Ang; 7 [59,73-75]; similarly, PRCP
cleaves the C-terminal amino acid of Ang II [76]. Notably, ACE2 is the
main enzyme responsible for Ang II formation in the kidney; Ang 7
formation in the lungs and circulation is mainly POP-dependent [59];
conversely, PRCP is ubiquitously expressed [77,78], regulating
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Angiotensin, ;

Fig. 4. Angiotensin; ; formation. Angiotensin; ; is formed by the action of the angiotensin-converting enzyme 2 (and other angiotensinases, including POP and
PRCP) by the cleavage of an amino acid from Angiotensin II. Legend: ACE2=angiotensin-converting enzyme 2 receptor; POP=prolyl oligopeptidase; PRCP=prolyl

carboxypeptidases.

Fig. 5. The effect of binding of the Spike protein to ACE2 on the dysregulation
of the renin-angiotensin system with increased generation and activity of Ang II
(loss of ACE2 activity). Legend: ACE2=angiotensin-converting enzyme 2 re-
ceptor; Ang=angiotensin.

inflammation, oxidative stress, thrombosis, and vascular homeostasis
[79-81] by stimulating the release of nitric oxide and prostaglandin [80,
82,83].

Several experimental and clinical studies supported the detrimental
role of POP and PRCP deficiency on BP. The genetic absence of POP
directly affects BP response (due to the diminished Ang II degradation
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and Ang; 7 formation) [59,84] and the PRCP gene variant promotes
disease progression in hypertensive patients [85]. Finally, PRCP deple-
tion contributes to vascular dysfunction with hypertension and arterial
thrombosis [86].

As aforementioned, phenotypes of ACE2 deficiency [43-45]
(including older age, hypertension, diabetes, and previous vascular
events) are associated with an increased risk of worse outcome in
COVID-19 [1,9,12,87-91]. Conversely, accrued data on the RAS show
that aging, inflammation, atherosclerosis, and the development of
atherosclerotic risk factors and cardiovascular events are associated
with an increased plasmatic activity of POP and PRCP [92,93]. Experi-
mental and clinical studies demonstrated a significant positive associa-
tion between POP/PRCP and several metabolic and cardiovascular
parameters (including blood glucose, body mass index, body weight,
and amount of total, visceral and subcutaneous abdominal adipose tis-
sue) [94,95]. Furthermore, intraplaque PRCP levels are upregulated in
unstable atherosclerotic plaques compared with stable plaques [96].

In other words, in the cardiovascular disease continuum (from
atherosclerosis and cardiovascular risk factors to the development of
cardiovascular events) specific changes of angiotensinanes levels exists
[97]: in the disease continuum ACE, activities decrease, whereas PRCP
and POP levels increase from the health status to advanced deterioration
of the cardiovascular system.

4.2.1. SARS-CoV-2 infection

In the specific area of BP regulation, POP and PRCP may play a
specific role in COVID-19 [58-60]. Indeed, the activities of POP and
PRCP remain substantially unchanged during the acute phase of
SARS-CoV-2 infection, therefore failing to limit the accumulation of Ang
II by ACE2 downregulation and malfunction. A clinical study by Bracke
and co-workers investigated the plasma activities of PRCP and POP
among patients at the time of hospital admission or during their hospital
stay for COVID-19 [98]. The Authors documented that PRCP activity
remained stable during hospitalization and did not differ from PRCP
activity recorded in healthy controls. Finally, they also supported the
recent hypothesis [99] that the elevated POP levels observed in plasma
of patients COVID-19 originates from cell damage due to acute lung
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proteins and ACE2 receptors. Legend: ACE2=angiotensin-converting enzyme 2 receptor; SARS-CoV-2= severe acute respiratory syndrome coronavirus-2.

injury or organ failure [98]. strata of the cardiovascular disease continuum [19,20]. On the other

hand, an increased catalytic activity of POP and PRCP is not observed in

4.2.2. COVID-19 vaccination the young, but more typically pronounced in elderly subjects with
Loss of the catalytic activities of ACE; due to the interaction between comorbidities or previous cardiovascular events.

these receptors and free-floating S proteins is documented across all the Thus, the potential adverse reactions to COVID-19 vaccination
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ACE2=angiotensin-converting enzyme 2 receptor; Ang=angiotensin; CV=cardiovascular; POP=prolyl oligopeptidase; PRCP=prolyl carboxypeptidases; SARS-CoV-
2= severe acute respiratory syndrome coronavirus-2.
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associated with Ang Il accumulation (including increase in BP, enhanced
inflammation, and thrombosis) are reasonably expected to be more
common in younger and healthy subjects (Fig. 7, right panel) [19,20].
Conversely, older age, presence of comorbidities and previous cardio-
vascular events identify phenotypes at lower risk of adverse events
(Fig. 7, left panel).

This potential mechanism is supported by recent clinical and
epidemiological studies evaluating the development of adverse events
after COVID-19 vaccination.

In a prospective survey of 113 healthcare workers who received
COVID-19 vaccine [40], 6 subjects (5.3%) developed an increase in
systolic or diastolic BP at home > 10 mmHg during the first five days
after the first dose of the COVID-19 vaccine when compared with the
five days before the vaccine. Of note, age of patients with uncontrolled
hypertension following COVID-19 vaccination ranged from 35 to 52
years [40].

Similarly, Tran and co-workers [39] demonstrated that age of
vaccinated subjects was a significant predictor of increased BP after
COVID-19 vaccination, as the increase of age was associated with the
decrease of this adverse event [39].

In a study published in JAMA Internal Medicine, Simone and co-
workers evaluated the incidence of acute myocarditis and clinical out-
comes among adults following mRNA vaccination in an integrated
health care system in the US (Kaiser Permanente Southern California
members) [100]. Among subjects who received COVID-19 mRNA, 54%
were women and median age was 49 years [100]. The Authors identified
15 cases of post-vaccination myocarditis (2 after the first dose and 13
after the second) [100]. Of note, all cases occurred in men with a median
age of 25 years [100].

Among 530 cases of myocarditis reported after COVID-19 vaccina-
tion to Vaccine Adverse Events Reporting System, approximately 65% of
subjects were aged 12-24 years [101].

Schultz and co-workers reported findings in five patients in a pop-
ulation of more than 130,000 vaccinated persons who presented with
venous thrombosis and thrombocytopenia after receiving the first dose
of COVID-19 vaccine (ChAdOx1 nCoV-19 adenoviral vector vaccine)
[102]. The patients were health care workers who were 32 to 54 years of
age [102].

Similarly, other reports found that subjects with vaccine-induced
immune thrombotic thrombocytopenia (VITT) were younger [103,104].

Finally, in a report from the Advisory Committee on Immunization
Practices, rates of VITT were similar between males and females in most
age brackets, with the exception of females ages 30 to 49 years, in whom
rates were higher [105].

5. Conclusions

Recent clinical and experimental advances in the pathophysiology of
SARS-CoV-2 infection support the notion that the interaction of the virus
(mediated by S proteins) with ACE2 receptors exerts a pivotal role in the
development of severe disease [47,53,106,107].

Recent findings further expanded our knowledge on the deleterious
effect of Ang II accumulation. Downregulation and internalization of
ACE2 receptors (due to viral occupation), and malfunction of other
angiotensinases, dysregulates the protective RAS axis with increased
generation and activity of Ang II and reduced formation of Ang;
[46-48].

Of note, Ang II plays key roles in BP homeostasis, including the heart,
kidney, blood vessels, adrenal glands, and cardiovascular control centres
in the brain [108]. Thus, the negative effect of SARS-CoV-2 on BP during
and after the acute phase of infection is not entirely unexpected [17].

In this context, the association between increased levels of Ang I and
increased BP during hospitalization for COVID-19 support this mecha-
nism. Uncontrolled hypertension during the course of the disease can
acutely worsen hypertension-mediated organ damage and adverse out-
comes [16]
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A similar mechanism has been recently proposed to explain the raise
in BP following COVID-19 vaccination [19,20,109]. In other words, the
resulting features of COVID-19 vaccination resemble those of active
COVID-19 disease.

When vaccinated cells die or are destroyed by the human immune
system, the debris may release a large amount of free-floating S proteins
[20]. Having the native-like mimicry of SARS-CoV-2 S protein’s receptor
binding functionality and prefusion structure, S proteins produced upon
vaccination may interact with ACE2 receptors, causing internalization,
degradation [19,20], and loss of ACE2 activities.

These mechanisms may lead to less Ang II inactivation and Ang; 7
generation, with consequent Ang II overactivity which may trigger a
variable raise in BP [46-48].

Stress response (white-coat effect) and the role of some excipients
might explain the high prevalence of increased BP values recorded
immediately after vaccination [21,32]. However, data from surveys and
pharmacovigilance databases which expanded the observation some
days after vaccination demonstrated that a persistent raise in BP after
COVID-19 vaccination is not unusual [21,40]. Further research taking
into account the potential effects of confounders and long-term clinical
data are urgently needed in this area.
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