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ARTICLE INFO ABSTRACT

Keywords: Sars Cov-2, the pathogen which belongs to the beta coronavirus family that is responsible for COVID-19, uses
RAS inhibition Angiotensin Converting Enzyme 2 (ACE2) as a receptor, which is responsible for controlling the actions of renin-
ACE2 angiotensin system (RAS). Sars Cov-2 - ACE2 binding leads to a RAS mediated immune response, which targets
Sars COV'Z_ . . especially lungs to form ARDS, which in turn, is the most important cause of mortality in COVID-19. CD8™ T cell
Tetanus-diphtheria vaccine 1 + . . +
COVID-19 response dominates over CD4™ T cell response and natural killer cell dysfunction also leads to CD4" cell
dysfunction in COVID-19; this immune dysregulation leads to inappropriate (ARDS) and inadequate (low or
quickly waning antibodies) responses to the disease and unfortunately, prepares the patients for re-infections.
The peripheral anergy seen in chronic sarcoidosis has much resemblance to COVID-19; CD8" T cell accumula-
tion is also responsible for inadequate reaction to tuberculin and antigenic stimulus. This article, based on the
similarity of COVID-19 and sarcoidosis, discusses a combination of the therapeutic strategy of the tetanus-
diphtheria vaccine and dual RAS inhibition, alongside with hydroxychloroquine and antiviral agents, as a so-
lution to overcome the problems described above.
Introduction findings of these patients. During the hospitalization, pneumonia, ARDS

On December 31st, 2019, an unknown disease, later called COVID-19
and caused by a yet unrecognized microorganism, was reported to have
been appeared in a Huanan seafood market in Wuhan city, China [1]. It
was eventually recognized as a new coronavirus variant that was
designated Sars Cov-2. The COVID-2019 epidemic had become a
pandemic by the World Health Organization on March 3rd 2020 and
since the onset of the disease, many articles have been published,
describing the etiology, pathogenesis, clinics and the treatment ap-
proaches to the patients. An international effort on creating a feasible
treatment and producing vaccines has been on-going ever since.

Sars Cov-2 belongs to coronavirus family that had similarities to
earlier Sars Cov and Mers Cov [2,3]. The infection starts with fever and
non-productive cough and proceeds to dyspnea, respiratory failure and
adult respiratory distress syndrome (ARDS), related to bilateral inter-
stitial pneumonia [4]. Guan and colleagues have described the clinical
and laboratory properties of 1,099 patients who contracted COVID-2019
in Wuhan and found that fever (87.9%) and cough (67.7%) was the most
common presenting symptoms of the disease [4]. The median incuba-
tion period was 3 days, and the median age was 47 years. Leukopenia,
lymphopenia and thrombocytopenia were the most common laboratory
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and shock were the most common complications of the disease (79.1%,
3.37% and 1% respectively). On admission, 81% of patients have been
reported to be mild, 14% of the patients severe and 5% of them critical
and treated in intensive care unit [5]. Overall fatality rate has been re-
ported at 2.3%, rising to 8% in patients aged between 70 and 79 years
and up to 14.8% in patients older than 80 years. The overall fatality rate
was 49% in critical patients [5]. In contrast, in Italy, 24.9% of patients
have been reported to be severe and 5% of them critical [6] although
16% of all hospital admissions [7] have been warranted to apply to
intensive care unit. This clearly highlights the risk of overcapacity of the
intensive care units and all health systems. Several drugs have been
tested for the treatment of the disease. Remdesevir [8] lopinovir-
ritonavir [9] hydroxychloroquine (HCQ) [10 11] teicoplanin [12] azi-
tromycin [13] favipravir [14] and some combinations of these were all
tested with some success, but so far death tolls have risen in all parts of
the world. In addition, there have already been some reports and studies
announcing that antibody response against COVID-19 might not be
adequate to protect from re-infections; hence the danger of being
infected by Sars Cov-2 repeatedly can be a real threat [15-17]. Here, the
author assumes that none of the drugs or vaccines by themselves are
capable of bringing an abrupt end to the search for a cure and an
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adequate antibody response; rather, a combination strategy (dual renin-
angiotensin system (RAS) inhibition and tetanus-diphtheria vaccine
along with antiviral and HCQ) is required to overcome COVID-19, as a
result of the complex nature of the disease.

Hypotheses

Sars Cov-2 is a unique virus that seems to project the host’s immune
system onto itself; therefore the mortality and morbidity come from the
effects of immunity, not primarily from the direct effects of the virus
[18]. A change in the direction of the immune response to the virus it-
self, away from the host appears to be required, and immune modulation
seems to be the key pathway to achieve a conclusive result. Neverthe-
less, corticosteroids, chloroquine, HCQ, anakinra, tocilizumab and Jak
inhibitors have been tested, especially in patients with Macrophage
Activation Syndrome (MAS) which is associated with cytokine storm
and mortality [19]. The author hypotheses that dual RAS inhibition with
Ramipril and Losartan, and tetanus-diphtheria vaccine administration at
the beginning of the disease, may alter the immune response, avert MAS
and ARDS pathway, produce a sustained, durable antibody response and
prevent re-infections until the end of the pandemic.

Relation between COVID-19 and RAS
Coronavirus and RAS activation

In 2002, a novel beta coronavirus infection that had later named Sars
Cov had emerged in Guangdong, China. It had infected 8,000 patients
and caused 774 deaths in 37 countries [20]. Later on, in 2012, Mers Cov,
also a beta coronavirus originating in Saudi Arabia, caused 2,494
confirmed cases and 858 fatalities [3]. These corona viruses had a
common binding site called Angiotensin Converting Enzyme 2 (ACE2),
which has been linked to ARDS [21,22]. RAS, as an important regulator
of blood pressure, has direct effect on bone marrow and has unique
capabilities affecting the immune response [23-25]. Renin cleaves
angiotensinogen to generate angiotensin (Ang) I. Ang I is inactive: it
requires to be cleaved by ACE in the lungs to be active and then Ang I
activates Ang II. Ang II is a key regulator of the RAS and exerts biological
functions through the specific receptors called Ang II receptor type 1
(AT1R) and Ang Il receptor type 2 (Fig. 1) [22,23,26]. Ang II, which acts
a vasoconstrictor in the smooth muscles of peripheral vessels through
ATR1 binding and RAS pathway inhibition, is a major treatment option
of hypertension [23].

For many years, ACE has been known to be the only pathway regu-
lating the functions of RAS. In 2000, two independent study groups
isolated a new homolog of ACE, named ACE2. This homolog has unique
properties: it was found to cleave one nucleotide from Ang I and one
nucleotide from Ang II, to form Angiotensin 1-9 and Angiotensin 1-7
respectively (Fig. 2) [27,28]. Angiotensin 1-7 has been found to exert
counter-regulatory effects of ACE on lungs, kidney, heart, testes and
colon [22]. After the SARS outbreak in 2003, it was demonstrated that
ACE2 as a receptor in the lungs, was the main binding and disease
activation site of Sars Cov and this binding was a key factor: the inability
of the virus to bind the receptor effectively prevents the formation of
ARDS [29,30]. It was demonstrated that, after binding of the virus to
receptor, ACE2 concentrations in the lungs dropped significantly, and
loss of counter-regulatory actions led to the activation of RAS [17].
ACE2 knockout mice had developed lethal ARDS, whereas blocking
ACE, ATRI1 receptor or treating with ACE2 recombinant protein, had
significantly reduced or improved acute lung injury in the Sars Cov
infection [22,30,31]. When ACE2 functions ceased to exist, excessive
RAS activation occurred in the mouse and human body, which caused
severe inflammation, acute lung injury and ARDS. Through these
mechanisms it was assumed that Angiotensin Converting Enzyme In-
hibitors (ACEi) or Angiotensin Receptor Blockers (ARBs) could have a
positive impact on prognosis of the disease [32].
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Fig. 1. Schematic explanation of renin-angiotensin system.

Gene Polymorphism, ARDS and COVID-19

The human ACE gene is located on chromosome 17q23 and contains
a restriction fragment length polymorphism within the coding sequence
of intron 16, defined by the presence (insertion, I) or absence (deletion,
D) of a 287-bp repeat, that led to determine the function of ACE [22,33].
It has been shown that ACE activity was significantly increased in pa-
tients with D/D and D/I phenotype. Patients with ARDS had carried the
D phenotype significantly compared to those who had not had ARDS in
intensive care units; mortality rates of these ‘D phenotype’ patients were
also significantly higher [22,33-35]. It was shown that ACE2 receptor
binding was essential for the entry of Sars Cov-2 to the lungs, so RAS
must be the responsible pathway, as in Sars Cov, for acute inflammation,
lung injury and ARDS (Fig. 3) [36]. In the light of these findings, ACE
inhibition and/or AT1R blockade, may have a therapeutic value in
COVID-19 [37]. In fact, recently, Gomez and colleagues found that in
COVID-19 patients, ACE D/D and D/I polymorphism significantly
associated with worse disease outcome; but the significance of the latter
polymorphism seemed to be associated with hypertensive status [38].

RAS inhibition and immune modulation

How RAS and ACE2 related pathways could lead to these responses is
a matter of debate and many studies have been done to clarify whether
RAS also has immune-modulatory effects. Zhao and colleagues have
found that ACE affected the presentation of MHC class II antigens by
producing an increased CD4" T cell and antibody response, and ACE
inhibition with Lisinopril downregulated the activation of antigen pre-
senting cells. The authors concluded that manipulation of ACE expres-
sion by antigen-presenting cells might be a novel strategy to alter the
immune response [24]. Winfield and colleagues evaluated 1,952 obese
patients and found that patients taking ACEi or ARBs, had improved T
cell function and leukocyte maturation [39]. Schmeisser and colleagues
had found that Losartan and Ramiprilat, an ARB and an ACEi, inhibited
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Fig. 2. Down-regulation of renin by Angiotensin 1-7. Angiotensin Converting Enzyme 2 cleaves one nucleotide from Angiotensin II to form Angiotensin 1-7.
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Fig. 3. Renin-angiotensin system activation due to SARS COV-2 and its relation
to Acute Respiratory Distress Syndrome. AT1R: Angiotensin II receptor Type 1.

Ang II-induced up-regulation of IL-8 and MCP-1 protein in vitro, due to
reduced AT1R expression and down regulation of NF-kB activity [40]. In
Sars Cov and Mers Cov, down regulation of CD4 " T cell count has led to a
severe interstitial pneumonia and a delay in the clearance of Sars Cov in
the lungs; up regulation of IL-8 exacerbates the situation [41]. ACE and
ARB inhibition has been shown to resolve both of them in cell culture
studies [40]. Local pulmonary RAS is also directly responsible for pul-
monary homeostasis. ACE and ACE2 are found on both pulmonary
endothelium and epithelium [42,43]. There are two types of alveolar
epithelial cells: alveolar type 1 cells are responsible for gas exchange and
alveolar type 2 cells secrete surfactant [43]. In the alveolar epithelium,
minor ACE2 expression is found (1-7% of AT2 cells) [44,45], but a very
recent study showed that pulmonary epithelial stem cells also expressed
ACE2 and could be infected with Sars Cov-2 [43]. This study explained
the widespread distribution of lung disease despite minor ACE2
expression in lungs, and ACE inhibition may also affect the pathogenesis
of COVID-19 via local RAS inhibition. In fact, local pulmonary RAS was
responsible for apoptosis of pulmonary alveolar epithelial cells, Angio-
tensin II played a pivotal role in Fas and TNF-a related apoptosis and
RAS inhibition seemed to prevent this process in previous studies
[46,47].

Dual RAS inhibition

Sars Cov-2, like the former Sars Cov, exhibits its deleterious effects
on lung injury by binding to ACE2 as a receptor in the lung. All human
coronaviruses have the capability to bind ACE2 and bat-coronaviruses
do not have any, but it is thought that before infecting to humans,
these bat-coronaviruses also evolved to gain ACE2 binding capabilities
[48]. After binding, the ACE2 activity is blocked and counter-regulatory
mechanism is lost so that RAS activation and RAS related ARDS occurs
because of unchecked Ang II influx to the lungs; RAS inhibition was
shown to increase mRna activity or direct concentration of ACE2 in the
studies [49-51]. Therefore, it can be said that in COVID-19, deaths occur
not from the direct pathogenic effects of the virus, but rather from the
unbalanced immune response to Sars Cov-2. It has been debated that
RAS inhibition must be harmful, as the virus used ACE2 as its receptor to
enter the pulmonary system [52]. Blocking RAS should hence introduce
more virus entry in the lungs, heart or other organs which ACE2
expression incurred, but after a more careful evaluation, the author of
this paper proposes that the immune modulatory and protective/treat-
ing effects of RAS inhibition from ARDS, can be an effective weapon for
fighting with COVID-19 and a two steps approach is needed to suppress
RAS activity, based on some evidence. First, ACEi / ARB’s have an
immune-modulator activity, such as increasing the CD4" T cell count,
improving the imbalance of CD4/CD8 ratio and improving its functions
so as to prevent severe interstitial pneumonia, down-regulating IL-8,
which plays an important role in the pathogenesis of COVID-19, and
enhance antibody production [18,40,41]. Also, RAS inhibition was
shown to increase mRNA activity or direct concentration of ACE2 in the
studies [49,50,53], so as ACE2 inhibits RAS via Ang 1-7, the increase in
ACE2 concentration and/or mRNA should add an additional weapon to
suppress RAS activity and modulate immunity to treat or prevent
pneumonia and ARDS. A detailed review recently evaluated the partic-
ular possibility of using ARBs for COVID-19 [51]. The authors specu-
lated that the increase in Ang II would lead to attachment to ACE2 and
this binding could make conformational changes on ACE2, so that the
binding of Sars Cov-2 might be prevented. In fact, recently, two meta-
analyses have clearly shown that RAS inhibition had significantly
decreased severe disease and death [54,55] and Flacco and colleagues
found that the use of ACEi/ARBs did not relate to COVID-19 associated
mortality [56]. Therefore, a two-step approach should be useful for
effectively suppressing RAS in a limited time.

COVID-19, sarcoidosis and Tetanus-Diphtheria vaccine

Sarcoidosis is a chronic multi-system inflammatory disease that is
presented with chronic granulomas and mononuclear cell inflammation
and destruction to affected organs [57]. The lung is the most involved
organ in sarcoidosis, though every system in the human body can be
affected [58]. Its etiology is currently unknown and at about two thirds
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of the patients achieved a durable remission, whereas one third of them
presented with a chronic disease that eventually led to fibrosis and se-
vere organ dysfunction. Sarcoidosis is a true immune paradox, a very
busy immune system with peripheral anergy associated with reduced
delayed type hypersensitivity reaction to tuberculin and antigenic
stimulus [58,59]. CD4" T lymphocytes are responsible for regulating B
lymphocytes which mediate antibody response and CD8" T lympho-
cytes, which are associated with responses associated with eliminating
microorganisms and Natural Killers (NKs), are the major factor man-
aging the CD4™ T cells [60]. In sarcoidosis, this anergy was explained by
the accumulation of CD8" T lymphocytes in peripheral blood of the
patients [61]. In addition to that, a disequilibrium between effector and
regulator T lymphocytes was seen in chronic sarcoidosis [59]. NKs also
play an important role in the pathology of the disease; reduced number
of NKs was associated with chronicity and impaired antibody response
in patients with chronic sarcoidosis as CD4" T cell responses are also
directly affected. [60]. The same pathways are also active in COVID-19:
reduced number and impaired maturation of NKs were found in severe
COVID-19 patients [18,62]. Increased interleukin-6 (IL-6) activity and
checkpoints on NKs seemed to be related to these abnormalities on NKs
[63,64]. Also, the number of both CD4" and CD8" T lymphocytes
decreased in correlation with the disease severity in COVID-19 and
when IL-6 activity was blocked Tocilizumab, lymphocyte counts
increased [65]. CD8" T lymphocyte responses, like sarcoidosis, seemed
to be much more activated than CD4" positive ones [66] regardless of
disease severity, so we can say that a peripheral anergy can be expected
in COVID-19 as in sarcoidosis. This can be an explanation of why anti-
bodies towards Sars Cov-2 seemed to wane over a few months, or did not
appear at all in some patients. Without a proper antibody response,
patients are at risk of contracting the virus repeatedly, which could lead
to catastrophic results. Aside from dual RAS inhibition, the Tetanus-
diphtheria vaccine may be an additional weapon that helps to regulate
the immune dysfunction and can lead to better and long-lived antibody
responses. Haghighat and colleagues have shown that co-administration
of hepatitis B and tetanus-diphtheria vaccines significantly increased the
titters of the antibodies against hepatitis B, compared to hepatitis B
vaccine administration alone [67]. The augmented response seemed to
be related to increased activity of CD4" T lymphocytes which mediate
increased antibody activation. The undersigned, as a patient of chronic
sarcoidosis, successfully applied this approach after an unsuccessful
attempt to vaccinate for hepatitis A, a second vaccination trial with
tetanus-diphtheria vaccine produced a high titter antibody response
against hepatitis A. Ietto G. published this hypothesis for using tetanus-
bordetella and diphtheria trivalent vaccine for treatment of COVID-19
and also highlights the importance of CD4" T cell activation, and sug-
gested that vaccine administration must be applied at the beginning of
the disease so as modulate immune system and avert ARDS [68]. The
author of the present paper suggests that, based on published data and
his personal examination, with dual RAS inhibition: vaccine adminis-
tration not only can help to avert ARDS, but also modulate the immune
system to produce a durable antibody response to Sars Cov-2, as the
immune dysregulation and pathology of impaired antibody response are
similar in chronic sarcoidosis and COVID-19. In summary, the immu-
nopathology of COVID-19 is complex and there must be an active
approach for the treatment of the disease not to allow the immune influx
to lungs and other systems. An antiviral is required to combat this virus,
but any antiviral alone cannot protect the patients who are driven to
ARDS by their immune system, so immune modulation is clearly needed
to overcome this problem. The author suggests using Tetanus-diphtheria
vaccine, dual RAS inhibition and hydroxychloroquine at the beginning
of the infection, along with an antiviral. HCQ acts as an immune
modulator and has been shown to exert an antiviral effect during pre-
and post-infection conditions, by interfering with the glycosylation of
ACE2 and blocking virus fusion with the host cell. In this case, we can
speculate that ACEi or ARBs along with HCQ can be used to block the
formation of ARDS and to treat it without much risking of more virus
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entry into the lung or heart, as HCQ blocks the binding of the virus to
ACE2 [69]. There had been some randomized trials announcing the
ineffectiveness of the HCQ in COVID-19 [70-72] but more recently, two
meta-analysis have shown that HCQ had been effective both in active
disease and prophylaxis [73,74]. Dual RAS inhibition should start by 50
mg of Losartan and 2.5 mg of Ramipril and a “step by step increase”
approach should be used to avoid intolerance. First, the dose of Losartan
should be increased to a maximum of 100 mg, then the Ramipril dose
should be increased to a maximum of 10 mg if the patient tolerates it;
otherwise, the drugs dose should be adjusted to the maximum tolerable
dose. Patients who took ACEi or ARBs should use whichever class he/she
have not used. In hypertensive patients already using ACEi/ARBs,
chronic RAS inhibition would lead to cause an increase in renin levels by
negative feedback, to such a level that the inhibitor function of the drugs
is overwhelmed and more Ang II would be formed by an increase in
plasma renin activity, to continue the cycle [23]. In addition, it has been
shown that patients with D phenotype of ACE gene polymorphism had
more Ang II formation and were more susceptible to ARDS and death
[22,33,38]. Therefore, with time, chronic ACE inhibition/AT1R
blockade could be insufficient to block the RAS activity. The author
proposes that dual inhibition of RAS by both an ACEi and ARBs, can
overcome both an increase in gene polymorphism-related ACE activity
and negative feedback to increase plasma renin, even in patients already
using a RAS inhibitor (Fig. 4). The time to prevent/treat the pneumonia
of the patient with Sars Cov-2 is short, at approximately 7-14 days, so
the belief is also that there will not be much time for the formation of an
increase in negative feedback-related plasma renin activity, and the RAS
inhibition should be rapid with the two drugs. The treatment should be
started as soon as the patient is diagnosed with COVID-19, along with an
antiviral agent which is shown to reduce the Sars Cov-2 load and HCQ
which is shown to interfere the binding of virus to ACE2. The patients
who will most benefit from the treatment will be those who are in the
initial stage of pneumonia/ARDS and do not use any of these RAS in-
hibitors; nevertheless, some treatment activity can be expected, even for
patients with severe ARDS, as shown in rat studies [22,31]. By adding
dual RAS blocker, we would be treating COVID-19 with three different
pathways: the antiviral reduces the viral load, HCQ blocks the entry of
Sars Cov2 via ACE2 blockade and modulate immunity, and the ACEi plus
ARBs plus tetanus-diphtheria vaccine inhibits and modulates the RAS
dependent immune response.

Several problems may complicate this hypothetic protocol. First, the
tetanus-diphtheria vaccine may stimulate fever, which is also a common
symptom in COVID-19. Second, it is well known that taking a dual RAS
blocker may cause excessive hypotension, which may dangerously in-
crease blood potassium levels and creatinine levels to such an extent that
urgent hemodialysis would need to be performed on the patient [75,76].
In addition, such problems can already be in place in patients with
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Fig. 4. Effects of dual renin-angiotensin inhibition.
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severe COVID-19 disease. Dual RAS inhibition has been fallen out of
sight after several large trials showed complications and worsening of
renal function or no additional benefit on the long run [75,77]. We are
discussing, for only a short period of time, the use of the dual RAS
blockade starting with low doses and then increased if patient tolerates,
in order that it does not complicate the treatment. In fact, in On-Target
study, when the patients used Telmisartan plus Ramipril for 18 days in
run-in period, of 29,919 patients enrolled for the study, 492 patient
(1.7%) had symptomatic hypotension, 223 patients (0.8%) had hyper-
kalemia and 64 patients (0.2%) had a worsened renal function [75].
Given the few number of patients experiencing complications, in a short
limit of time such as in our hypothetic protocol, it can be wise to
consider using a dual RAS inhibition and tetanus-diphtheria vaccine in
COVID-19, with close monitoring for fever, symptomatic hypotension,
elevated potassium levels and worsening renal function with a new hope
to save patients from being “struck down” with their own immune
response. Urgent prospective studies are clearly needed to evaluate the
possible benefits of this proposal.

Sources of support

None.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgement

I wish to thank my wife, Nefise Ozbalci, and my prelector Fiisun
Zeynep Akcam for the great support of writing this article.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

References

[1] LiQ, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early transmission dynamics in
Wuhan, China, of novel coronavirus-infected pneumonia. NEJM0a2001316 N Engl
J Med 2020. https://doi.org/10.1056/NEJM0a2001316.

Ksiazek TG, Erdman D, Goldsmith CS, Zaki SR, Peret T, Emery S, et al. A novel

coronavirus associated with severe acute respiratory syndrome. N Engl J Med

2003;348(20):1953-66.

[3] Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus AD, Fouchier RA. Isolation of
a novel coronavirus from a man with pneumonia in Saudi Arabia. N Engl J Med
2012;367(19):1814-20.

[4] Guan WJ, Ni ZY, Hu Y, Liang W, Ou C, He J, et al. Clinical Characteristics of
Coronavirus Disease 2019 in China. N Engl J Med 2020 Feb 28. https://doi.org/
10.1056/NEJM0a2002032.

[5] Wu Z, Mc Googan JM. Characteristics of and Important Lessons from the

Coronavirus Disease 2019 (COVID-19) Outbreak in China: Summary of a Report of

72 314 Cases from the Chinese Center for Disease Control and Prevention. JAMA

2020 Feb 24. https://doi.org/10.1001/jama.2020.2648.

Livingston E, Bucher K. Coronavirus Disease 2019 (COVID-19) in Italy. JAMA 2020

Mar 17. https://doi.org/10.1001/jama.2020.4344.

Grasselli G, Pesenti A, Cecconi M. Critical Care Utilization for the COVID-19

Outbreak in Lombardy, Italy: Early Experience and Forecast During an Emergency

Response. JAMA 2020 Mar 13. https://doi.org/10.1001/jama.2020.4031.

[8] Ko WC, Rolain JM, Lee NY, Chen PL, Huang CT, Lee PI, et al. Arguments in favour
of remdesivir for treating SARS-CoV-2 infections. Int J Antimicrob Agents. 2020
Apr;55(4):105933. doi: 10.1016/j.ijantimicag.2020.105933. Epub 2020 Mar 6.
PMID: 32147516; PMCID: PMC7135364.

[9] Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, et al. A Trial of Lopinavir-Ritonavir
in Adults Hospitalized with Severe COVID-19. N Engl J Med 2020 Mar 18. https://
doi.org/10.1056/NEJM0a2001282.

[10] LiuJ, Cao R, XuM, Wang X, Zhang H, Hu H, et al. Hydroxychloroquine, a less toxic

derivative of chloroquine, is effective in inhibiting SARS-CoV-2 infection in vitro.
Cell Discov. 2020 Mar 18;6:16. doi: 10.1038/s41421-020-0156-0. eCollection
2020.

[2

—

[6

—

[7

—

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

Medical Hypotheses 152 (2021) 110619

Devaux CA, Rolain JM, Colson P, Raoult D. New insights on the antiviral effects of
chloroquine against coronavirus: what to expect for COVID-19? Int J Antimicrob
Agents 2020 Mar;11:05938. 10.1016 /j. ijantimicag. 2020. 105938.

Baron SA, Devaux C, Colson P, Raoult D, Rolain JM. Teicoplanin: an alternative
drug for the treatment of coronavirus COVID-19? Int J Antimicrob Agents 2020
Mar;13:105944. https://doi.org/10.1016/j.ijantimicag.2020.105944.

Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L, Mailhe M, et al.
Hydroxychloroquine and azithromycin as a treatment of COVID-19: results of an
open-label non-randomized clinical trial. Int J Antimicrob Agents. 2020 Jul;56(1):
105949. doi: 10.1016/j.ijantimicag.2020.105949. Epub 2020 Mar 20. PMID:
32205204; PMCID: PMC7102549.

Dong L, Hu S, Gao J. Discovering drugs to treat coronavirus disease 2019 (COVID-
19). Drug Discov Ther. 2020;14(1):58-60. https://doi.org/10.5582/
ddt.2020.01012.

Bongiovanni M, Basile F. Re-infection by COVID-19: a real threat for the future
management of pandemia? Infect Dis (Lond). 2020 Aug;52(8):581-2. https://doi.
org/10.1080/23744235.2020.1769177. Epub 2020 May 21 PMID: 32434442.

To KK, Hung IF, Ip JD, Chu AW, Chan WM, Tam AR, et al. COVID-19 re-infection
by a phylogenetically distinct SARS-coronavirus-2 strain confirmed by whole
genome sequencing. Clin Infect Dis. 2020 Aug 25: ciaal275. doi: 10.1093/cid/
ciaal275. Epub ahead of print. PMID: 32840608; PMCID: PMC7499500.

Edridge AWD, Kaczorowska J, Hoste ACR, Bakker M, Klein M, Loens K, et al.
Seasonal coronavirus protective immunity is short-lasting. Nat Med. 2020 Sep 14.
doi: 10.1038/541591-020-1083-1. Epub ahead of print. PMID: 32929268.

Vabret N, Britton GJ, Gruber C, Hegde S, Kim J, Kuksin M, et al. Sinai Immunology
Review Project. Inmunology of COVID-19: Current State of the Science. Immunity.
2020 Jun 16;52(6):910-941. doi: 10.1016/j.immuni.2020.05.002. Epub 2020 May
6. PMID: 32505227; PMCID: PMC7200337.

Felsenstein S, Herbert JA, McNamara PS, Hedrich CM. COVID-19: Immunology and
treatment options. Clin Immunol. 2020 Jun; 215:108448. doi: 10.1016/j.
clim.2020.108448. Epub 2020 Apr 27. PMID: 32353634; PMCID: PMC7185015.
Chan-Yeung M, Xu RH. SARS: epidemiology. Respirology 2003;8(suppl):S9-14.
Li F. Receptor recognition and cross-species infections of SARS coronavirus.
Antiviral Res 2013 Oct;100(1):246-54. https://doi.org/10.1016/j.
antiviral.2013.08.014. Epub 2013 Aug 29.

Imai Y, Kuba K, Ohto-Nakanishi T, Penninger JM. Angiotensin-converting enzyme
2 (ACE2) in disease pathogenesis.

Cagnoni F, Njwe CA, Zaninelli A, Ricci AR, Daffra D, D’Ospina A, et al. Blocking the
RAAS at different levels: an update on the use of the direct renin inhibitors alone
and in combination. Vasc Health Risk Manag. 2010 Aug;9(6):549-59. https://doi.
org/10.2147/vhrm. s11816. PMID: 20730071; PMCID: PMC2922316.

Zhao T, Bernstein KE, Fang J, Shen XZ. Angiotensin-converting enzyme affects the
presentation of MHC class II antigens. Lab Invest 2017 Jul;97(7):764-71. https://
doi.org/10.1038/labinvest.2017.32. Epub 2017 Apr 10.

Haznedaroglu IC, Malkan UY. Local bone marrow renin-angiotensin system in the
genesis of leukemia and other malignancies. Eur Rev Med Pharmacol Sci 2016 Oct;
20(19):4089-111.

Komatsu H, Yamada S, Iwano H, Okada M, Onozuka H, Mikami T, et al.
Angiotensin II receptor blocker, valsartan, increases myocardial blood volume and
regresses hypertrophy in hypertensive patients. Circ J 2009;73:2098-103.

Tipnis SR, Hooper NM, Hyde R, Karran E, Christie G, Turner AJ. A human homolog
of angiotensin-converting enzyme: Cloning and functional expression as a
captopril-insensitive carboxypeptidase. J Biol Chem 2000;275:33238-43.

Douglas GC, O’Bryan MK, Hedger MP, Lee DKL, Yarski MA, Smith Al et al. The
novel angiotensin-converting enzyme (ACE) homolog, ACE2, is selectively
expressed by adult Leydig cells of the testis. Endocrinology 2004;145:4703-11.
Li W, Moore MJ, Vasilieva N, Sui J, Wong SK, Berne MA, et al. Angiotensin-
converting enzyme 2 is a functional receptor for the SARS coronavirus. Nature
2003;426:450-4.

Kuba K, Imai Y, Rao S, Gao H, Guo F, Guan B, et al. A crucial role of angiotensin
converting enzyme 2 (ACE2) in SARS coronavirus- induced lung injury. Nat Med
2005;11:875-9.

Imai Y, Kuba K, Rao S, Huan Y, Guo F, Guan B, et al. Angiotensin- converting
enzyme 2 protects from severe acute lung failure. Nature 2005;436:112—6.
Sriram K, Insel PA. A hypothesis for pathobiology and treatment of COVID-19: The
centrality of ACE1/ACE2 imbalance. Br J Pharmacol. 2020 Apr 24. doi: 10.1111/
bph.15082. Epub ahead of print. PMID: 32333398.

Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol P, Soubrier F. An insertion/
deletion polymorphism in the angiotensin I-converting enzyme gene accounting for
half the variance of serum enzyme levels. J Clin Invest 1990;86:1343-6.
Marshall RP, Webb S, Bellingan GJ, Montgomery HE, Chaudhari B, McAnulty RJ,
et al. Angiotensin converting enzyme insertion/ deletion polymorphism is
associated with susceptibility and outcome in acute respiratory distress syndrome.
Am J Respir Crit Care Med 2002;166:646-50.

Jerng JS, Yu CJ, Wang HC, Chen KY, Cheng SL, Yang PC. Polymorphism of the
angiotensin-converting enzyme gene affects the outcome of acute respiratory
distress syndrome. Crit Care Med 2006;34:1001-6.

Wan Y, Shang J, Graham R, Baric RS, Li F. Receptor Recognition by the Novel
Coronavirus from Wuhan: An Analysis Based on Decade-Long Structural Studies of
SARS Coronavirus. J Virol 2020;4(7). https://doi.org/10.1128/JV1.00127-20. pii:
e00127-20.

Sun ML, Yang JM, Sun YP, Su GH. Inhibitors of RAS Might Be a Good Choice for the
Therapy of COVID-19 Pneumonia. Zhonghua Jie He He Hu Xi Za Zhi. 2020 Feb 16;
43:E014. https://doi.org/10.3760/cma.j.issn.1001-0939.2020.0014.

Gomez J, Albaiceta GM, Garcia-Clemente M, Lopez-Larrea C, Amado-Rodriguez L,
Lopez-Alonso I, et al. Angiotensin-converting enzymes (ACE, ACE2) gene variants


https://doi.org/10.1056/NEJMoa2001316
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0010
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0010
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0010
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0015
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0015
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0015
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1001/jama.2020.4344
https://doi.org/10.1001/jama.2020.4031
https://doi.org/10.1056/NEJMoa2001282
https://doi.org/10.1056/NEJMoa2001282
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0055
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0055
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0055
https://doi.org/10.1016/j.ijantimicag.2020.105944
https://doi.org/10.5582/ddt.2020.01012
https://doi.org/10.5582/ddt.2020.01012
https://doi.org/10.1080/23744235.2020.1769177
https://doi.org/10.1080/23744235.2020.1769177
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0100
https://doi.org/10.1016/j.antiviral.2013.08.014
https://doi.org/10.1016/j.antiviral.2013.08.014
https://doi.org/10.2147/vhrm. s11816. PMID: 20730071; PMCID: PMC2922316
https://doi.org/10.2147/vhrm. s11816. PMID: 20730071; PMCID: PMC2922316
https://doi.org/10.1038/labinvest.2017.32
https://doi.org/10.1038/labinvest.2017.32
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0125
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0125
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0125
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0130
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0130
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0130
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0135
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0135
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0135
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0140
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0140
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0140
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0145
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0145
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0145
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0150
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0150
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0150
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0155
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0155
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0165
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0165
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0165
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0170
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0170
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0170
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0170
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0175
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0175
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0175
https://doi.org/10.1128/JVI.00127-20
https://doi.org/10.3760/cma.j.issn.1001-0939.2020.0014

D. Ozbalci

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

and COVID-19 outcome. Gene. 2020 Aug 31; 762:145102. doi: 10.1016/j.
gene.2020.145102. Epub ahead of print. PMID: 32882331; PMCID: PMC7456966.
Winfield RD, Southard RE, Turnbull IR, Bochicchio K, Reese S, Freeman BD, et al.
Angiotensin Inhibition Is Associated with Preservation of T-Cell and Monocyte
Function and Decreases Multiple Organ Failure in Obese Trauma Patients. J Am
Coll Surg 2015;221(2). https://doi.org/10.1016/j.jamcollsurg.2015.03.051. Epub
2015 Apr 7.

Schmeisser A, Soehnlein O, Illmer T, Lorenz H, Eskafi S, Roerick O, et al. ACE
inhibition lowers angiotensin II-induced chemokine expression by reduction of NF-
kappaB activity and AT1 receptor expression. Biochem Biophys Res Commun 2004
Dec 10;325(2):532-40.

Li G, Fan Y, Lai Y, Han T, Li Z, Zhou P, et al. Coronavirus infections and immune
responses. J Med Virol 2020 Apr;92(4):424-32. https://doi.org/10.1002/
jmv.25685. Epub 2020 Feb 7.

Afsar B, Kanbay M, Afsar RE. Hypoxia inducible factor-1 protects against COVID-
19: A hypothesis. Med Hypotheses. 2020 Oct;143:109857. doi: 10.1016/j.
mehy.2020.109857. Epub 2020 May 20. PMID: 32464493; PMCID: PMC7238987.
Valyaeva AA, Zharikova AA, Kasianov AS, Vassetzky YS, Sheval EV. Expression of
SARS-CoV-2 entry factors in lung epithelial stem cells and its potential implications
for COVID-19. Sci Rep 2020 Oct 20;10(1):17772. https://doi.org/10.1038/541598-
020-74598-5. PMID: 33082395; PMCID: PMC7576138.

Hikmet F, Méar L, Edvinsson A, Micke P, Uhlén M, Lindskog C. The protein
expression profile of ACE2 in human tissues. Mol Syst Biol 2020 Jul;16(7):e9610.
https://doi.org/10.15252/msb.20209610. PMID: 32715618; PMCID:
PMC7383091.

Lukassen S, Chua RL, Trefzer T, Kahn NC, Schneider MA, Muley T, Winter H,
Meister M, Veith C, Boots AW, Hennig BP, Kreuter M, Conrad C, Eils R. SARS-CoV-2
receptor ACE2 and TMPRSS2 are primarily expressed in bronchial transient
secretory cells. EMBO J. 2020 May 18;39(10): e105114. doi: 10.15252/
embj.20105114. Epub 2020 Apr 14. PMID: 32246845; PMCID: PMC7232010.
Uhal BD, Gidea C, Bargout R, Bifero A, Ibarra-Sunga O, Papp M, et al. Captopril
inhibits apoptosis in human lung epithelial cells: a potential antifibrotic
mechanism. Am J Physiol 1998 Nov;275(5):L1013-7. https://doi.org/10.1152/
ajplung.1998.275.5. L1013. PMID: 9815121.

Wang R, Alam G, Zagariya A, Gidea C, Pinillos H, Lalude O, et al. Apoptosis of lung
epithelial cells in response to TNF-alpha requires angiotensin II generation de
novo. J Cell Physiol 2000 Nov;185(2):253-9. https://doi.org/10.1002/1097-4652
(200011)185:2<253: AID-JCP10>3.0.CO;2-#. PMID: 11025447.

Demogines A, Farzan M, Sawyer SL. Evidence for ACE2-utilizing coronaviruses
(CoVs) related to severe acute respiratory syndrome CoV in bats. J Virol. 2012 Jun;
86(11):6350-3. doi: 10.1128/JV1.00311-12. Epub 2012 Mar 21. PMID: 22438550;
PMCID: PMC3372174.

Huang ML, Li X, Meng Y, Xiao B, Ma Q, Ying S, et al. Upregulation of angiotensin-
converting enzyme (ACE) 2 in hepatic fibrosis by ACE inhibitors. Clin Exp
Pharmacol Physiol 2010 Jan;37(1):e1-6. https://doi.org/10.1111/j.1440-
1681.2009.05302. x. Epub 2009 Sep 28.

Vuille-dit-Bille RN, Camargo SM, Emmenegger L, Sasse T, Kummer E, Jando J,
et al. Human intestine luminal ACE2 and amino acid transporter expression
increased by ACE-inhibitors. Amino Acids 2015 Apr;47(4):693-705. https://doi.
org/10.1007/500726-014-1889-6. Epub 2014 Dec 23.

Perico L, Benigni A, Remuzzi G. Should COVID-19 Concern Nephrologists? Why
and to What Extent? The Emerging Impasse of Angiotensin Blockade. Nephron.
2020 Mar;23:1-9. https://doi.org/10.1159/000507305.

Hypothesis DJH. angiotensin-converting enzyme inhibitors and angiotensin
receptor blockers may increase the risk of severe COVID-19. J Travel Med 2020
Mar;18. https://doi.org/10.1093/jtm/taaa041.

Ferrario CM, Jessup J, Chappell MC, Averill DB, Brosnihan KB, Tallant EA, et al.
Effect of angiotensin-converting enzyme inhibition and angiotensin II receptor
blockers on cardiac angiotensin-converting enzyme 2. Circulation 2005 May 24;
111(20):2605-10. Epub 2005 May 16.

Guo X, Zhu Y, Hong Y. Decreased Mortality of COVID-19 With Renin-Angiotensin-
Aldosterone System Inhibitors Therapy in Patients with Hypertension: A Meta-
Analysis. Hypertension 2020 Aug;76(2):e13-4. https://doi.org/10.1161/
HYPERTENSIONAHA.120.15572. Epub 2020 May 27 PMID: 32458694.

Zhang X, Yu J, Pan LY, Jiang HY. ACEI/ARB use and risk of infection or severity or
mortality of COVID-19: A systematic review and meta-analysis. Pharmacol Res.
2020 Aug; 158:104927. doi: 10.1016/j.phrs.2020.104927. Epub 2020 May 15.
PMID: 32422341; PMCID: PMC7227582.

Flacco ME, Acuti Martellucci C, Bravi F, Parruti G, Cappadona R, Mascitelli A, et al.
Treatment with ACE inhibitors or ARBs and risk of severe/lethal COVID-19: a
meta-analysis. Heart. 2020 Oct;106(19):1519-1524. doi: 10.1136/heartjnl-2020-
317336. Epub 2020 Jul 1. PMID: 32611676; PMCID: PMC7371482.

Chen ES, Moller DR. Sarcoidosis-scientific progress and clinical challenges. Nat
Rev Rheumatol 2011 Jul 12;7(8):457-67. https://doi.org/10.1038/
nrrheum.2011.93. PMID: 21750528.

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

Medical Hypotheses 152 (2021) 110619

Loke WS, Herbert C, Thomas PS. Sarcoidosis: Immunopathogenesis and
Immunological Markers. Int J Chronic Dis. 2013; 2013:928601. doi: 10.1155/
2013/928601. Epub 2013 Jul 25. PMID: 26464848; PMCID: PMC4590933.
Miyara M, Amoura Z, Parizot C, Badoual C, Dorgham K, Trad S, et al. The immune
paradox of sarcoidosis and regulatory T cells. J Exp Med. 2006 Feb 20;203(2):359-
70. doi: 10.1084/jem.20050648. Epub 2006 Jan 23. Erratum in: J Exp Med. 2006
Feb 20;203(2):477. PMID: 16432251; PMCID: PMC2118208.

Ho LP, Urban BC, Thickett DR, Davies RJ, McMichael AJ. Deficiency of a subset of
T-cells with immunoregulatory properties in sarcoidosis. Lancet. 2005 Mar 19-25;
365(9464):1062-72. doi: 10.1016/50140-6736(05)71143-0. PMID: 15781102.
Planck A, Katchar K, Eklund A, Gripenback S, Grunewald J. T-lymphocyte activity
in HLA-DR17 positive patients with active and clinically recovered sarcoidosis.
Sarcoidosis Vasc Diffuse Lung Dis. 2003 Jun;20(2):110-7. PMID: 12870720.
Wang F, Nie J, Wang H, Zhao Q, Xiong Y, Deng L, et al. Characteristics of
Peripheral Lymphocyte Subset Alteration in COVID-19 Pneumonia. J Infect Dis
2020 May 11;221(11):1762-9. https://doi.org/10.1093/infdis/jiaal50. PMID:
32227123; PMCID: PMC7184346.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet. 2020 Feb 15;395
(10223):497-506. doi: 10.1016/50140-6736(20)30183-5. Epub 2020 Jan 24.
Erratum in: Lancet. 2020 Jan 30; PMID: 31986264; PMCID: PMC7159299.
Zheng M, Gao Y, Wang G, Song G, Liu S, Sun D, et al. Functional exhaustion of
antiviral lymphocytes in COVID-19 patients. Cell Mol Immunol. 2020 May;17(5):
533-535. doi: 10.1038/541423-020-0402-2. Epub 2020 Mar 19. PMID: 32203188;
PMCID: PMC7091858.

Giamarellos-Bourboulis EJ, Netea MG, Rovina N, Akinosoglou K, Antoniadou A,
Antonakos N, et al. Complex Immune Dysregulation in COVID-19 Patients with
Severe Respiratory Failure. Cell Host Microbe. 2020 Jun 10;27(6):992-1000.e3.
doi: 10.1016/j.chom.2020.04.009. Epub 2020 Apr 21. PMID: 32320677; PMCID:
PMC7172841.

Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, et al. Dysregulation of Immune
Response in Patients with Coronavirus 2019 (COVID-19) in Wuhan. China. Clin
Infect Dis. 2020 Jul 28;71(15):762-8. https://doi.org/10.1093/cid/ciaa248.
PMID: 32161940; PMCID: PMC7108125.

Haghighat A, Moafi M, Sharifian J, Salehi H, Taleban R, Kalbasi N, et al. Effect of
Tetanus-diphtheria Vaccine on Immune Response to Hepatitis B Vaccine in Low-
responder Individuals. Int J Prev Med. 2016 Jul;21(7):94. https://doi.org/
10.4103/2008-7802.186586. PMID: 27563430; PMCID: PMC4977968.

Ietto G. SARS - CoV-2: Reasons of epidemiology of severe ill disease cases and
therapeutic approach using trivalent vaccine (tetanus, diphtheria, and Bordetella
pertussis). Med Hypotheses. 2020 Aug; 141:109779. doi: 10.1016/j.
mehy.2020.109779. Epub 2020 Apr 22. PMID: 32387756; PMCID: PMC7175879.
Zhou D, Dai SM, Tong Q. COVID-19: a recommendation to examine the effect of
hydroxychloroquine in preventing infection and progression. J Antimicrob
Chemother 2020 Mar;20. https://doi.org/10.1093/jac/dkaall4.

Tang W, Cao Z, Han M, Wang Z, Chen J, Sun W, et al. Hydroxychloroquine in
patients with mainly mild to moderate coronavirus disease 2019: open label,
randomized controlled trial. BMJ 2020 May;14(369):m1849. https://doi.org/
10.1136/bmj.m1849. PMID: 32409561; PMCID: PMC7221473.

Boulware DR, Pullen MF, Bangdiwala AS, Pastick KA, Lofgren SM, Okafor EC, et al.
A Randomized Trial of Hydroxychloroquine as Postexposure Prophylaxis for
COVID-19. N Engl J Med. 2020 Aug 6;383(6):517-525. doi: 10.1056/
NEJMo0a2016638. Epub 2020 Jun 3. PMID: 32492293; PMCID: PMC7289276.
Rajasingham R, Bangdiwala AS, Nicol MR, Skipper CP, Pastick KA, Axelrod ML,
et al. Hydroxychloroquine as pre-exposure prophylaxis for COVID-19 in healthcare
workers: a randomized trial. Clin Infect Dis. 2020 Oct 17: ciaal571. doi: 10.1093/
cid/ciaal571. Epub ahead of print. PMID: 33068425; PMCID: PMC7665393.
Ladapo JA, McKinnon JE, McCollough PA, Risch HA. Randomised Controlled Trials
of Early Ambulatory Hydoxychloroquine in The Preventation of COVID-19
Infection, Hospitalization; and Death: Meta-Analysis. medRxiv preprint doi:
https://doi.org/10.1101/2020.09.30.20204693.

Garcia-Albéniz X, del Amo J, Polo R, Morales-Asencio JS, Hernan MA. Brief
communication: A meta-analysis of randomized trials of hydroxychloroquine for
the prevention of COVID-19. medRxiv preprint doi: Doi: 10.1101/
2020.09.29.20203869.

ONTARGET Investigators, Yusuf S, Teo KK, Pogue J, Dyal L, Copland I, et al.
Telmisartan, ramipril, or both in patients at high risk for vascular events. N Engl J
Med 2008;358(15):1547-59.

Fried LF, Emanuele N, Zhang JH, Brophy M, Conner TA, Duckworth W, et al.
Combined angiotensin inhibition for the treatment of diabetic nephropathy. N Engl
J Med 2013;369(20):1892-903.

Oparil S, Yarows SA, Patel S, Fang H, Zhang J, Satlin A. Efficacy, and safety of
combined use of aliskiren and valsartan in patients with hypertension: a
randomized, double-blind trial. Lancet 2007 Jul 21;370(9583):221-9.


https://doi.org/10.1016/j.jamcollsurg.2015.03.051
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0200
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0200
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0200
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0200
https://doi.org/10.1002/jmv.25685
https://doi.org/10.1002/jmv.25685
https://doi.org/10.1038/s41598-020-74598-5. PMID: 33082395; PMCID: PMC7576138
https://doi.org/10.1038/s41598-020-74598-5. PMID: 33082395; PMCID: PMC7576138
https://doi.org/10.15252/msb.20209610. PMID: 32715618; PMCID: PMC7383091
https://doi.org/10.15252/msb.20209610. PMID: 32715618; PMCID: PMC7383091
https://doi.org/10.1152/ajplung.1998.275.5. L1013
https://doi.org/10.1152/ajplung.1998.275.5. L1013
https://doi.org/10.1002/1097-4652(200011)185:2<253: AID-JCP10>3.0.CO;2-#
https://doi.org/10.1002/1097-4652(200011)185:2<253: AID-JCP10>3.0.CO;2-#
https://doi.org/10.1111/j.1440-1681.2009.05302. x
https://doi.org/10.1111/j.1440-1681.2009.05302. x
https://doi.org/10.1007/s00726-014-1889-6
https://doi.org/10.1007/s00726-014-1889-6
https://doi.org/10.1159/000507305
https://doi.org/10.1093/jtm/taaa041
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0265
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0265
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0265
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0265
https://doi.org/10.1161/HYPERTENSIONAHA.120.15572
https://doi.org/10.1161/HYPERTENSIONAHA.120.15572
https://doi.org/10.1038/nrrheum.2011.93
https://doi.org/10.1038/nrrheum.2011.93
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0305
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0305
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0305
https://doi.org/10.1093/infdis/jiaa150. PMID: 32227123; PMCID: PMC7184346
https://doi.org/10.1093/infdis/jiaa150. PMID: 32227123; PMCID: PMC7184346
https://doi.org/10.1093/cid/ciaa248. PMID: 32161940; PMCID: PMC7108125
https://doi.org/10.1093/cid/ciaa248. PMID: 32161940; PMCID: PMC7108125
https://doi.org/10.4103/2008-7802.186586. PMID: 27563430; PMCID: PMC4977968
https://doi.org/10.4103/2008-7802.186586. PMID: 27563430; PMCID: PMC4977968
https://doi.org/10.1093/jac/dkaa114
https://doi.org/10.1136/bmj.m1849. PMID: 32409561; PMCID: PMC7221473
https://doi.org/10.1136/bmj.m1849. PMID: 32409561; PMCID: PMC7221473
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0375
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0375
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0375
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0380
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0380
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0380
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0385
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0385
http://refhub.elsevier.com/S0306-9877(21)00138-9/h0385

