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ABSTRACT

Patients with comorbidities including Hypertension (HTN), Diabetes Mellitus (DM), Chronic
Obstructive Pulmonary Disease (COPD), Asthma, Obesity, Cardiovascular Disease (CVD), Chronic
Kidney Disease (CKD), and those who are immunocompromised are prone to more severe
complications of COVID-19 and a higher rate of hospitalizations. In the United States, around 94%
of COVID-19 deaths had an average of 2.6 additional conditions or causes per death. In a summary
report published by the Chinese Centre for Disease Control and Prevention of 72,314 cases, case-
fatality rate was elevated among those with preexisting comorbid conditions—10.5% for cardiovascular
disease, 7.3% for diabetes, 6.3% for chronic respiratory disease, 6.0% for HIN, and 5.6% for cancet.
The COVID-19 pandemic continues to threaten people and healthcare systems globally and therefore
the global economy. Currently, there is no cure or vaccine for COVID-19 and there is an urgent need
to develop target therapies as we continue to learn more about this novel virus. Without therapeutic
interventions, much of how we contain the viral spread is prevention through mitigation strategies
(social distancing, face masks, supportive care). Early suspicion of COVID-19 symptoms with
radiological and laboratory assessments may play a major role in preventing severity of the COVID-
19. With this literature review we aim to provide review of pathophysiology of Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2) and its clinical effects on multiple organ systems.
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1 Introduction

There are three major forms in which the
2019  (COVID-19)

manifests, a gradual mild illness that is dominated

Coronavirus  disease
by symptoms related to upper respiratory tract;
non-life-threatening pneumonia; and a severe
acute
that

pneumonia  with
(ARDS)

symptoms for around a week and subsequently

respiratory  distress
syndrome starts with mild
deteriorates into ARDS, sepsis, and multiple
organ failure [1, 2]. According to the CDC, the
most frequent clinical manifestations include
cough, dyspnea, fever, and sore throat. Patients
have also reported new loss of taste and smell in
other cases. COVID-19 affects almost every
organ system in the body; due to its nature of
transmission, it affects the lung tissue more so
than others due to extensive distribution of
(ACE2)

receptors. This can cause damage in the

angiotensin-converting  enzyme-2

cardiovascular, renal, liver, central nervous
system, gastrointestinal, and ocular systems that
requires careful management [3, 4].

Patients with comorbidities such as HTN, DM,
COPD, Asthma, Obesity, CVD, CKD, and
malignancies

complications of COVID-19 and a higher rate of

are prone to more severe
hospitalizations [5]. In the United States, around
94% of COVID-19 deaths had an average of 2.6
additional conditions or causes per death [6]. The
current guidelines for minimizing the spread of
COVID-19 involves the use of alcohol-based
hand sanitizer |7, 8], thoroughly washing hands
with soap and water, maintaining 1m-2m (3-6ft)
with others, self-isolation of people who were
exposed, or are experiencing symptoms, and
practicing good respiratory hygiene [7]. Public
masking has been widely accepted as one of the
most important pillars of controlling the

COVID-19 pandemic [9, 10].
2 Epidemiology

The first case of COVID-19 was reported in
Wuhan, China in early December 2019 [11]. The
number of COVID-19 cases reported to the
WHO has been increasing since then. A month
later, on January 20th, 2020, WHO reported that
there was a total of 282 confirmed cases of

COVID-19 in four countries including China
(278 cases), Thailand (2 cases), Japan (1 case) and
the Republic of Korea (1 case) [12]. During the
initial stages of COVID-19 spread, most cases
reported globally that were outside of China, and
therefore attributed to travelers who were
infected in China and then travelled outside the
country [13]. The first case of human-to-human
transmission of COVID-19 in the US was
reported in Washington State on January 20th,
2020 in a patient who had returned from Wuhan,
China after visiting his family [14]. The virus then
rapidly spread throughout the country and the
United States quickly became an epicenter with
New York reporting the most cases (475,000
cases reported as of October 9, 2020) [15]. The
first death in the US due to COVID19 was
reported on April 13th, 2020 in Wisconsin, with
New York reporting most deaths (32,859 death
reported as of October 9, 2020) at later stages of
the pandemic [15].

According to the WHO, by March 2020, during
the initial stages of the pandemic, SARS-CoV-2
had spread to over 100 countries, with over
100,000 infections and over 3,500 deaths and an
estimated case fatality rate was 0.9%-3% [106]. As
the pandemic progressed, according to the data
reported by WHO on September 13, there are a
total of 28,637,952 confirmed cases globally, with
a total of 917,417 number of deaths across 216
countries [17]. With 51% of the total cases
reported in the Americas, it has the highest
number of cases among the WHO regions. At the
beginning of the outbreak the infection followed
exponential growth where the infection cases
doubled in size every 7.4 days. The basic
reproduction number was from 2.24 to 3.58,
which is higher than SARS [18]. All age groups
are likely to be affected by COVID-19 with
majority of patients between 36 to 65 years of age
[19].

3 Mechanism of SARS-CoV2
Zhang et al. (2020) demonstrated that all

coronaviruses (CoV) have an analogous spike
structure on their surfaces. In SARS-CoV-2, part
of the spike (S) protein on the virus is used to
bind to a receptor on the host cell and to fuse
through the cell membrane. The receptor for
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Severe Acute Respiratory
Coronavirus-2 (SARS-CoV-2) is the angiotensin-
converting enzyme 2 (ACE2) [20]. After binding

to ACE2, the S protein is cleaved and prepared

Syndrome

for the next steps - fusion and entering the cell -

plays
completing the subsequent steps [20]. Following

where endocytosis a major role in
that, the viral genome is exposed and translated
inside the host’s cell, all of the translated proteins
that form the virus’ particles aggregate inside the
endoplasmic  reticulum-Golgi  intermediate
compartment, and then they are constituted in
specific small vesicles in order to be transported
to the extracellular compartment, thus infecting
other cells [20]. In terms of receptor affinity,
many studies have pointed out that the affinity of
SARS-CoV-2 to human ACE2 is higher than that
of Severe Acute Respiratory Syndrome
Coronavirus (SARS-CoV), which makes SARS-
CoV-2 more contagious between people [20].

While angiotensin-converting enzyme (ACE)
yields angiotensin II (Ang II) from angiotensin 1
(Ang 1), 106 ACE2 yields Ang 1-7 from Ang 1I;
Ang II causes vessels to constrict and induces
proliferation 107 (Angiogenesis), while Ang 1-7
dilation cell
growth/replication. When the balance 108
between Ang II and Ang 1-7 is disturbed (Ang II
outweighs Ang 1-7), acute lung injury will occur,
and this is 109 what happens when SARS-CoV-2

binds to ACE2, a receptor found on nearly all

renders  vessel and  limits

cells in the human body, 110 decreasing the
production of ACE2 in the cell [20]. A genetic
study demonstrated that ACE2 contains many
111 genes that enhance viral strength during its
lifecycle, and it concluded that ACE2 production
increases SARS112 CoV-2 viral load in the
organs of the body [20].

4  Clinical Effects of COVID-19

Clinical effect of SARS-CoV-2 on
Respiratory system

4.1

Hu et al. (2020) conducted a metanalysis of 21
published trials to
COVID-19

complications, and other outcomes in patients in

evaluate prevalence of
symptoms, comorbidity,
China and Singapore [21]. The meta-analysis
revealed hypertension and diabetes were the most

associated  with
the SARS-CoV-2.
However, the main obstacles in the treatment

common  comorbidities

increasing  severity of
recovery were found to be ARDS and acute lung
injury (ALI). As of June 25, 2020, the CDC also
provided list of health conditions that are
detrimental to severity of COVID-19 illness:
moderate to sevete asthma, pulmonary fibrosis,
smoking and immunocompromised state due to
corticosteroid use or Immunosuppressant
medications [21]. An Ex-vivo study conducted by
Chu ¢t al. (2020) compared infection and
replication of SARS-CoV-2 and SARS-CoV in
human lung tissues. The study revealed SARS-
CoV-2 is 3.20-fold more infectious than SARS-
CoV in human lung tissue [22].

Primary cause of death in COVID-19 is
progressive respiratory failure secondary to
diffuse alveolar damage [23]. Human lung cells
normally express ACE2 receptors. Ackermann e#
al. (2020) examined 7 autopsied lungs from
COVID-19  patients
compared them with uninfected patients who
died from ARDS related to influenza A (HINT1)

and uninfected control lungs [23]. The study

known positive and

revealed immunohistochemical analysis of ACE2
in COVID-19 infected group, measured in
Standard Deviation (£SD) as “cells per field of
view” were 0.25% 0.14 in comparison to 0.35%
0.15 and 0.053* 0.03 in influenza and uninfected
control group, respectively. Furthermore, ACE2
positive lymphocytes were not discovered in the
alveoli of the control group but were present in
both COVID-19 and Influenza groups, slightly
higher in COVID-19 group [23]. Research has
now shown ACE2 involvement in COVID19 is
not limited to a role of a receptor on host cell
where COVID-19 binds and enters the cell, but
also involved in regulation of the infection,
including immune response with cytokine
secretion and replication of viral genome [24].

ARDS is caused by direct or indirect injury to the
lung because of an acute systemic inflammatory
response triggered by COVID-19 [24]. Studies
reported dry cough (59.4-82%) as the most
common respiratory manifestation of COVID-
19, which suggests damage to epithelial lining as
there is no sputum production [25]. Although

COVID-19 affects multiple organ systems, the
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incidence of ARDS (15.6-31%) is higher in
comparison to other organ injuries. This is
secondary to damage to epithelial cell lining of
the alveolar cells. Endothelial cells are the deeper
layer of blood vessels in all organs, and therefore
it is possible that these cells are not involved in
eatlier manifestation of COVID-19, therefore
other organs are less involved [25]. Patients with
low oxygen index are considered to have severe
respiratory failure and will need chest CT imaging
(Xray and CT), which may show a mixed pattern
of ground-glass appearance and consolidation
[25]. However, despite severity seen on imaging,
patients may not be experiencing dyspnea and
have stable tissue perfusion, indicated by normal
lactate level. Despite inconsistency between
laboratory, imaging and symptoms experienced,
these patients are to be monitored closely, as their
condition may detetiorate rapidly [25]. Blood
carbon dioxide is used as an indicator for invasive
mechanical ventilation [25, 26].

Clinical effect of SARS-CoV-2 on
Cardiovascular system

4.2

SARS-CoV-2, which causes COVID-19, is a
novel virus of interest for the cardiovascular
system as it causes deleterious effects to a host of
higher-risk populations. Persons in higher-risk
populations include those who have coronary
artery disease, diabetes mellitus, hyperlipidemia,
hypertension, and obesity [27, 28, 29]. Age is
another risk factor of consideration as an elderly
individual (x > 60-years-old) infected with SARS-
CoV-2 developed more systemic complications
[29]. Any individual with the above risk factors
and infected with this virus will have a poor
due

prognosis to increased expression of

angiotensin-converting enzyme 2 and an
increased propensity for cytokine storm [27, 29].
The mechanism of action of cardiovascular
damage once SARS-CoV-2 binds to ACE2 is as
follows: ACEZ2 is normally expressed in the heart,
kidneys, lungs (particularly type-2 alveolar cells),
and other organs [27, 28, 29]. Patients with the
above risk factors and on appropriate anti-
hypertensive

the
system (RAAS) will have increased expression of

ACE2. Once SARS-CoV-2 binds to ACE2, this

therapies  (lisinopril, losartan)

affecting renin-angiotensin-aldosterone

action alters ACE2 signaling pathways leading to
vasodilatation and suppressed cell growth. Acute
lung injury, in the form of severe pneumonia,
puts stress on the heart leading to acute hypoxia
and decompensation [28, 29]. As a result,
coronary arterial flow increases to keep up with
increased myocardial oxygen demand. Lack of
oxygen from decreased blood flow leads to direct
(apoptosis),
increased shear stress upon coronary arteries can
plaque
myocardial infarction [28, 29. At the same time

myocardial ~ damage whereas

result in rupture and eventually
this occurs, the immune system responds with
systemic inflammation through the release of
pro-inflammatory cytokines (Intetleukins 1 and
0, tumor necrosis factor-alpha) resulting in
systemic inflammation, multiorgan failure, and
[29]. Other

of decreased myocardial

depressed myocardial function

important causes
function include the development of acute
coronary  syndrome, acute  myocarditis,
disseminated intravascular coagulation (pro-
coagulation  state), electrolyte  imbalances
(hypokalemia), shock (cardiogenic), and stressed-
induced cardiomyopathy [29].

A workup for COVID-19 will reveal that patients
will either be asymptomatic or present with a
vatiety of symptoms [30]. Common symptoms of
COVID-19 include anorexia, a dry cough,
[30].

Concerning the cardiovascular system, a patient

dyspnea, fever, fatigue, and myalgia
may present with chest pain, dyspnea, and heart
palpitations. A workup for acute coronary
syndrome begins once a patient presents for
further evaluation [28, 29]. Workup will reveal an
elevated cardiac troponin I (cTnl) and an
EKG demonstrating ST
depression, with

brady/tachyarrhythmias [29]. In the setting of

abnormal either

elevation  or along

acute hypoxia, lab work may show an elevated D-
fibrin
fibrinogen [27]. Severely elevated values of cTnl

dimer, degradation  products, and
or D-dimer indicate a poor prognosis. Once a
patient has severe COVID-19 as a confirmed
diagnosis and is transferred to the intensive care
unit (ICU) setting, the disease course usually
worsens. ICU patient may exhibit acute heart
failure, elevated blood pressure, and persistent
cTnl

elevation. When a patient becomes
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discharged from the hospital setting, patients may
experience abnormalities with glucose and lipid
metabolism [27].

Management will depend on disease severity.
Hospital admissions will require the following
considerations [27, 28, 29]:

low-

e Anticoagulation: Heparin or

molecular-weight heparin for seven days.
should be
monitored with concomitant use of anti-

Drug-drug interactions

viral  drugs.  Low-molecular-weight

heparin is preferred in the ICU setting,.
RAAS
(lisinopril, losartan) should be continued

e Anti-hypertensives: inhibitors
in the hospital setting if previously
prescribed. There is some controversy
regarding higher ACE2 expression.

e Immune modulating drugs: Prednisone

1L-6 (Tocilizumab)

should be considered only when the case

and inhibitors

is severe and cytokine storm s
imminently anticipated.

e Mechanical cardiopulmonary support:
Further

variable survival rates with modalities,

research is required given

not limited to extracorporeal membrane
(ECMO),
balloon pump, and veno-arterial ECMO.
should
warranted if it contributes to meaningful

oxygenation intra-aortic

e Testing: Testing only be

management  of
COVID-19.
Follow-up in the outpatient setting will need

complications  of

constant monitoring of blood pressure, glucose,
and lipid regulation [27].

Clinical effect of SARS-CoV-2 on
Immune System

4.3

Cytokine storm is an informal term that refers to
the dysregulated release of proinflaimmatory
cytokines as a reaction to infection and various
stimuli [31]. In a wider sense, cytokine storm may
pertain to hyperactivity in the immune response
as it entails releasing various mediators such as
interleukins, interferons, chemokines, tumot-
[32].
During the ongoing COVID-19 pandemic, there

necrosis factors, and other mediators

has been an increasing number of severe
COVID-19 cases deteriorating as a result of a
cytokine storm. Critically ill or severely ill patients
deteriorate suddenly in the later stages of
COVID-19 or the recovery phase. An important
challenge is to distinguish a dysregulated
an  appropriate
inflammatory response in the pathophysiology of
COVID-19. This is due to the implications

surrounding how “cytokine storm” is defined.

inflammatory response from

When discussing the cytokine storm in the
context of an inflammatory response, it is implied
that increasing cytokine release is damaging to
host cells [32]. Patients who are at risk for
developing cytokine storm include those with
comorbid illnesses including coronary artery
disease, obesity, cancer, primary immunoglobulin
deficiencies, autoimmune conditions, and
recipients of immunosuppressive therapies [33].
Patients with these underlying comorbid
conditions are at higher risk of developing severe
COVID-19 with

increased risk of developing a cytokine storm. As

and concurrent this, an
such, special consideration must be given to these
high-risk populations when it comes to guidelines
in their management when infected with
COVID-19.

SARS-CoV-2 is a novel virus of interest for the
immune system as it causes immune
dysregulation. Once infected with SARS-CoV-2,
it manifests a myriad of symptoms in a patient. A
patient can be asymptomatic or exhibit anorexia,
a dry cough, dyspnea, fever, fatigue, and myalgia.
Such symptoms are associated with a high rate of
human-to-human transmission. Several cytokines
implicated in the production of these symptoms
include intetleukins 2 (IL.-2) and 6 (IL.-6) as well
as tumor necrosis factor-alpha (TNF-a). A
consequence of persistent IL-2 levels is capillary
leak

increasing capillary permeability to proteins

syndrome which is characterized by
leading to edema, hypotension, acute respiratory
failure, and kidney injury [34].

Relevant evidence from severe cases of COVID-
19 suggests that proinflammatory responses play
a role in the pathogenesis of this disease [34].
Several proinflaimmatory cytokines (IL-6, 1L-8,
1L-18,
stimulating factor, and reactive oxygen species),

granulocyte-macrophage colony-
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and chemokines (CCL2, CCL-5, IFNy-induced
protein 10, and CCL3) contribute to the
occurrence of Acute
Syndrome (ARDS).

responses contribute to cytokine and chemokine

Respiratory Distress
These proinflammatory

response dysregulation in the setting of high virus
titers following SARS-CoV-2 infection, leading
to an inflammatory cytokine storm. This
inflammatory cytokine storm is most often
accompanied by immunopathological changes in
the lungs [34]. Immunopathological lung changes
may be a result of rapidly increasing cytokines
and chemokines attracting ~ numerous
inflammatory cells such as neutrophils and
monocytes. These neutrophils and monocytes, in
turn, cause an excess in inflammatory cell
infiltration into lung tissue, resulting in lung
injury [34]. It can be postulated from these
immunopathological ~ lung  changes  that
dysregulated cytokine and chemokine responses
by SARS-CoV-2 infected cells play an essential
role in the pathogenesis of COVID-19.

A distinguishing factor in cytokine storm is
persistent fever and constitutional symptoms
such as joint pain, muscle pain, weight loss,
headache, and fatigue. When a cytokine storm
occurs, systemic inflaimmation spreads across
different organ systems leading to manifestations
such as loss of vascular tone presenting as
hypotension, vasodilatory shock, and progressive
organ failure [34]. ARDS results and contributes
further to multiple-organ failure in quick
succession, resulting in sudden death. Cytokine
storm suppression is of utmost importance to
prevent detrimental deterioration of COVID-19
patients thus increasing their chances of recovery
[31]. Sun, X. et al. (2020) reported a retrospective
study of 41 COVID-19 patients which showed
patients presented with a myriad of symptoms
ranging from an asymptomatic state to ARDS
[35]. Severe complications associated with
COVID-19 include ARDS, a “Kawasaki-like
children,

myocarditis, myocardial infarction, cardiac arrest,

syndrome” in inflammatory
multiple organ failure, ischemic stroke, secondary

hemophagocytic  lymphohistiocytosis, — acute

pulmonary embolism, bacterial pneumonia [35].

Clinical effect of SARS-CoV-2 on
Renal system

4.4

Most patients with COVID-19 have mild
but 5%
symptoms, which can include acute respiratory

symptoms, about develop severe
distress syndrome, septic shock, and multiple
organ failure. Patients with kidney disease
exhibited worse clinical outcomes when infected
with SARS-CoV-2 [36]. In addition to COVID-
19 causing AKI in 5-15% of the cases, it also
impacts patients with chronic kidney disease
(CKD),
therapies, and patients with a kidney transplant.
Patients with end-stage renal disease (ESRD) are

particularly vulnerable to severe COVID-19 due

patients on chronic replacement

to the older age and high frequency of
comorbidity, such as diabetes and hypertension,
in this population [37].

The ACE2 receptor is normally expressed in the
heart, kidneys, lungs (particulatly type-2 alveolar
cells), and other organs [27]. The SARS-CoV-2
binds to this receptor causing direct cellular injury
resulting from viral entry through the ACE2
receptor, which is highly expressed in the kidney.
The virus’s deleterious effects on the kidney are
thought to be multi factorial including a wide
range of potential mechanisms. Targeting of
ACE2 by SARS-CoV-2 combined with its
kidneys,

angiotensin dysregulation, innate and adaptive

selective  tropism  for results in

immune pathway activation, and
hypercoagulation to result in tubular injury and
AKI associated with COVID-19.

Organ crosstalk between the injured lungs, the
heart, and the kidney may further propagate
injury [38]. There seems to be a close relationship
between alveolar and tubular damage due to
cytokine overproduction, which establishes the
“lung—kidney axis” in ARDS. ARDS also may
cause renal medullary hypoxia, which is an
additional tubular [39].
Cardiomyopathy and acute viral myocarditis seen

in severe COVID-19 cases can both contribute

insult to cells

to renal venous congestion, hypotension and
renal hypoperfusion, leading to a reduction in
[40]. The

resulting fluid imbalances contribute to pre-renal

glomerular filtration rate (GFR)

AKI. The pro-inflammatory cytokines elicited by
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the the

rhabdomyolysis cause toxic tubular damage

viral  infection  or resultant
predominantly affecting the proximal convoluted
tubules (PCT). Non-specific mechanisms include
drug nephrotoxicity, high levels of PEEP in
patients requiring mechanical ventilation, and
nosocomial sepsis. The interactions may facilitate
Acute kidney injury (AKI) commonly seen in
critically ill patients, affecting ~20-40% of
patients admitted to intensive care, and is
considered as a marker of disease severity and a
negative prognostic factor for survival [41].
Several studies have highlighted changes in
urinary sediment, including proteinuria and
hematuria, and evidence of urinary SARS-CoV-2
excretion, suggesting the presence of a renal
reservoir for the virus [42].

Although vaccine has been developed against the
SARS-CoV-2 virus, the critical

management is supportive care. Implementation

aspect of

of the Kidney Disease: Improving Global
Outcomes (KDIGO) supporttive care guideline
(e.g.,

monitoring of serum creatinine and urine output,

avoidance of nephrotoxins, regular
consideration of hemodynamic monitoring) in
critically ill patients with kidney involvement is
likely to reduce the occurrence and severity of
AKI in COVID-19. The evaluation of AKI in
COVID-19 patients should follow the general
approach to workup and diagnosis of AKI,
utilizing the broad framework of prerenal,
intrarenal, and postrenal causes.

In patients with suspected or confirmed COVID-
19 who develop AKI, an emphasis should be
placed on optimization of volume status to
exclude and treat prerenal (functional) AKI,
while avoiding hypervolemia, which may worsen
the patient's respiratory status. If conservative
fails
discontinuation of nephrotoxic medications,
etc.), renal replacement therapy (RRT) should be

management (volume  management,

considered in patients with volume overload,
especially those with refractory hypoxemia. In
with COVID-19 and AKI,
initiation of RRT and sequential extracorporeal

patients early
organ support (ECOS) seem to provide adequate
organ support and prevent progression of disease
severity [43]. In the patients who developed AKI
from COVID-19 infection, around 1.5-9% of

them required RRT in the form of continuous
renal replacement therapy (CRRT) [44].

Clinical effect of SARS-CoV-2 on
Diabetes

4.5

One of the organs affected in COVID19 is the
pancreas. As it has come to be a known
observation that patients who are suffering from
Diabetes Mellitus (DM) tend to have motre severe
outcomes due to COVID-19 disease in addition
to being more susceptible to acquiring COVID-
19 infection [45]. Due to these reasons, Lian et al.
conducted a study in which they divided the study
population into two groups: younger than 60
years and older than 60 years. The authors
showed that a variety of comorbidities, including
DM, were more commonly found in the older
than 60 years group [46]. Therefore, the age
difference is most likely one of the most
important reasons for risk that is attributed to
diabetic patients with COVID-19 [45]

A study by Hoffman et al. (2020) suggested that
ACE2, converts angiotensin II to angiotensin 1-7
which also causes vasodilation, is the receptor
used by the Coronavirus (SARS-CoV-2) to bind
to their target cells which is expressed by the
epithelial cells of the lungs, intestine, kidney and
blood vessels [47]. As mentioned in Fang et al.
(2020), patients with types I and II DM who are
treated with ACE inhibitors and Angiotensin II
type-I receptor blockers (ARBs) demonstrated
increased expression of ACE2. There has been a
noted in ACE2
Thiozolidinadiones. Given that DM is a hyper-
inflammatory condition, Tadic et al. (2020),

increase expression by

mentions a few possible mechanisms for DM
being an independent risk factor for COVID-19
infection. First being inflammation, secondly,
hypercoagulable state, and last but not the least,
dysfunctional sympathetic nervous system (SNS)
and activated Renin-Angiotensin-Aldosterone
system (RAAS) [45]. It is known that RAAS
function is already significantly modified in
diabetics [47]. Therefore, in summation, a
diabetic person would have more expression of
ACE?2 as such, on the treatment of ACEI and/or
ARBs, in conjunction with certain anti-diabetic
medications that can demonstrate increased

susceptibility to SARS-CoV-2 which acts through
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ACE2. Therefore, when a diabetic, with altered
RAAS, is infected with COVID-19, he or she
may undergo “acute change in the activity of
ACE2” which can cause a trigger for the hyper-
coagulable and hyper-inflaimmatory state [48].
Gno et al. (2020)’s case-control study suggested
that patients with DM in absence of other
comorbidities infected by SARS-CoV-2 still
“higher risk of
uncontrolled inflammatory

demonstrated a severe
pneumonia,
response, higher levels of tissue injury-related
enzymes, and higher hypercoagulable state” [49,
50]. They also found that the serum inflammatory
biomarkers levels were significantly raised in
diabetics in comparison to those without DM;
these biomarkers include C-reactive protein, D-
dimer, IL-6, serum ferritin, and coagulation index
[50].

Muniyappa et al (2020) also discusses potential
mechanisms that may play a role in increasing the
susceptibility for COVID-19 in patients with
DM. Munniyapa
mechanisms; “1) higher affinity cellular binding

e/ al. mentions 5 main
and efficient virus entry, 2) decreased viral
clearance, 3) diminished T cell function, 4)
increased susceptibility to hyperinflammation
and cytokine storm syndrome, and 5) the
presence of CVD” [51]. In addition to ACE2,
SARS-CoV-2 also acts through another receptor
DPP4. Now it has come to understanding in two
meta-analyses studies that DPP4 inhibitors,
which are widely used in diabetics, increase the
risk for a variety of infections, whereas “a third
meta-analysis showed that there is no increased
risk of infections with DPP4 inhibitors”. For
these reasons, it is highly important to study
whether the DPP4 inhibitors would increase the
susceptibility  or of SARS-CoV-2
infection by conducting clinical trials [52].

In the current COVID-19 pandemic, due to
lockdowns, diabetic management is now difficult

severity

due to travel restrictions, however, Singh AK et al.
mentions modern innovations like telemedicine
that can be specifically crucial for diabetes
management [53]. It is important to note that
glycemic control is very important in diabetic
patients with COVID-19. Professional societies
such as the American Association of Clinical
Endocrinologists and the European society of

endocrinology have been in agreement regarding
the need for people with Diabetes to prevent and
prepare for the spread of COVID-19 by taking
regular precautions such as staying home as much
as possible and washing hands regularly as well as
practising social distancing. In the gist of the
current COVID-19 pandemic, current guidelines
advise people with Diabetes Mellitus to continue
taking their medication in order to maintain
glucose control. Moreover, the guidelines also
suggest stocking up on an additional 30-day
supply of medication and supplies to be able to
monitor blood glucose levels at home [55, 55, 56].
The International Diabetes Federation has
mentioned that people with diabetes are amongst
the high-risk categories that can have a serious
the SARS-CoV-2,
however, it is best not to rush to the hospital in
order to contain the virus [53]. National Health
(NHS) the
management of diabetic patients in COVID-19

illness if they contract

Service clinical guidelines for

recommend expedition of treatment and
discharge of inpatients and implementation of
the virtual clinics/teleconsultations [54, 55, 56].
However, NHS fails to address the challenges
which might be faced in regards to literacy, poor
access and for people who might be not well-
versed with technology. Another useful
consideration could be to discontinue SGLT-2
inhibitors due to the risk of dehydration and
euglycemic ketosis [53]. Singh AK et al, further
suggest that metformin may also need to be
stopped if a diabetic patient experiences vomiting
or poor oral intake [53]. Other anti-diabetic
that

insulin may have to be altered depending upon

medications include sulfonylureas and
blood glucose levels [53]. Diabetic patients
should maintain a regular diet consisting of
balanced amounts of protein, fiber, and limited
saturated fats, which are crucial to maintaining
good glycemic control. Regular indoor exercise is
also beneficial to good glycemic control [52].
Medication use should also be adhered as well
[53]. Telemedicine is highly valuable for diabetic
patients and they should be explained that
telemedicine services are available to them to
their Diabetic

patients must be educated on foot care as well to

consult physician  regulatly.

avold diabetic-related complications [53]. In
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summary, diabetic patients must receive proper
education on proper glycemic control and strict
medication use to maintain their DM [53].

Around the globe, there are many religions and
communities that practice fasting. It has been a
known fact that fasting has been a concern in
Diabetics as fasting can cause hypo- or hyper-
glycemia in Diabetics. This is particulatly of
major concern given the ongoing COVID-19
pandemic. Therefore, Ahmed, W. N. et al. (2020),
mentions in their review that people with
diabetes should go

through systemic and

structure-based management during fasting
amidst the pandemic [54]. It is recommended that
Family Physicians conduct a risk stratification for
their diabetic patients who are wanting to fast
during the pandemic; then to recommend an
individual whether fasting would be advisable for
them or not [54]. All other measures are the same
as for non-fasting diabetics, ie., to have regular
teleconsultations, proper dose modifications, and
[54]. In
summary, diabetic patients must receive proper

regular glucose home monitoring

education on proper glycemic control and strict

medication use to maintain their DM.

Clinical effect of SARS-CoV-2 on
Gastrointestinal system

4.6

As per studies by Gu et al. (2020), Cheong et al.
(2020), Patel et al. (2020), nearly 50% of COVID-
19 patients have presented with concurrent
gastrointestinal (GI) manifestations like diarrhea
(most common), and

nausea, vomiting,

abdominal pain; in some cases, anorexia,
dysgeusia, anosmia, and hematochezia have also
been reported [50, 57, 58]. The demographics
that are most vulnerable to pulmonary and

(like

manifestations include older adults, smokers,

extrapulmonary gastrointestinal)
HIV  patients, immunocompromised, and those
who suffer from comorbidities [59]. Moreover,
patients with underlying inflammatory bowel
disease (IBD)are also at increased risk of
contracting COVID-19 [50, 60]. The GI
manifestations in COVID-19 are noted to be
present in both adult and pediatric populations
ranging from 10 months to 78 years old, with an
average age of 46.1 years [50]. It is also important
to note, there was a higher incidence of vomiting

seen in children as compared to adults even
though diarrhea was the most common symptom
in both these populations [50].

Based on recent studies of GI manifestations in
COVID-19 patients, it has been commonly
that the
transmitted through the fecal-oral route. Besides
confirming the presence of SARS-CoV-2 RNA in
feces, also confirmed the long periods of viral

hypothesized infection can be

shedding lasting approximately two weeks to
over a month, supporting the hypothesis of viral
replication occurring in the GI tract [50].
Additionally, the presence of the SARS-CoV-2
RNA in stool was noted to be independent of its
presence in the respiratory samples since it was
found that the virus can continue to be present in
the fecal matter even after the respiratory
symptoms have subsided and the respiratory
specimens (including nasopharyngeal swabs)
have tested negative for SARS-CoV-2 [50].
SARS-CoV-2 is likely to be transmitted by both
symptomatic as well as asymptomatic patients
causing GI infectivity with the incubation period
estimated between 2 to 14 days [59].

Cha et al. (2020) concluded an association
between pathogen, host, and environmental
SARS-CoV-2
infectivity through the fecal-oral transmissibility.

factors that can enhance the
Although environmental influences such as close
contact with infected persons (including
symptomatic and asymptomatic patients), poor
personal hygiene, and poor public sanitation play
a significant role in infectivity, GI symptoms and
their corresponding severity depend on the
pathogen load in stool and saliva, viral shedding,
the viability in the environment, infectious dose
[59], and the extent of viral gene expression in
enterocytes and stratified epithelial cells of the
esophagus ,which can cause the direct intestinal
injury and infectivity [60]. SARS-CoV-2 can lead
to GI manifestations through its interaction with
specific cell receptors called ACE2, and host
cellular transmembrane serine
protease(TMPRSS) which, besides in the lungs
pneumocytes, are also expressed in stratified
epithelial cells of the esophagus, as well as
absorptive enterocytes in the ileum and colon
of the intestine [57, 60, 61]. This inflammatory

response caused by SARS-CoV-2 infection leads
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to direct injury to the enteric system including its

absorptive  and  epithelial ~ enterocytes;
consequently, resulting in malabsorption, and
secretory diarrhea [50].

The study conducted by Baryah et al. (2020) and
Patel et al. (2020) has suggested for fecal and
saliva specimen testing in COVID-19 patients
who have reported GI symptoms by confirming
identification of the viral nucleic acid (SARS-
CoV-2 RNA) in the stool and salivary samples
through  real-time  reverse  transcriptase-
polymerase chain reaction (tfRT-PCR technique)
[50, 60]. In addition, they briefly mentioned that
endoscopy and biopsy had further confirmed the
presence of SARS-CoV-2 nucleocapsid protein in
the enteric epithelium including, the esophagus,
stomach, duodenum, and rectum. However,

such diagnostic tools including, peg tube
procedures, endoscopy, and colonoscopy can
potentially pose a threat to viral transmission,
thus limiting their usage [50, 59].

It is crucial to rule out other infectious etiologies
including Clostridium difficile before treating
COVID-19 patients for their enteric symptoms.
Nausea and vomiting are managed conservatively
with antiemetic medications, and in cases of
bacterial coinfection, antibiotics are
administered. Management is mainly focused on
effective infection control through the use of
Personal Protective Equipment (PPE), keeping
the close contacts informed about the viral
shedding

asymptomatic phase), encouragement of proper

(even during incubation and
hygiene and hand-washing practices, and most
importantly the adherence to social distancing
guidelines [50].

Globally, a total of 326 patients with underlying
inflammatory bowel disease (IBD) have reported
being infected with COVID-19, 189 of which
had Crohn’s disease, while 135 cases had
ulcerative colitis [59]. A study by Baryah et al.
(2020) documented the upregulation of receptors
like ACE2 and TMPRSS, and increased cytokine
storm in patients with IBD, making them
vulnerable to contracting COVID-19, and an
increased likelihood to report increased severity

[60].  Thus,

recommended to

in symptom manifestation
precautionary — measures

patients with IBD include proper hand hygiene,

PPE, face masks, avoidance of hospital settings,
and most importantly to adhere to social
distancing guidelines in public settings. Cha et al.
(2020) and Baryah et al. (2020) in their recent
studies summatized that IBD patients who were
managed by immunomodulatory agents that
attenuate the inflammatory response may protect
them from contracting COVID-19 as well as
developing severe conditions; however, since
they act as immunosuppressants, their
recommendations may vary during an active
SARS-CoV-2 the
medications, presence, and severity of SARS-
CoV-2, as well as IBD flare-up [59, 60]. In these

cases, patients may need to continue with their

infection depending on

ongoing regiments of 5 aminosalicylic acid (5-
ASA) or may be asked to withhold some
treatments (including prednisone if dose is = 20
g/d,
immunomodulators and immunosuppressants) if
positive for COVID-19, and reinstated after the
viral clearance [59, 60, 61].

Most of the studies discussed were conducted in

tumor necrosis factor, and other

China, thus the applications of these findings and
recommendations on a global level are limited.
There is also a variance between the findings of
the studies discussed. Although the studies hav
confirmed the presence of SARS-CoV-2 in the
fecal matter and subsequent viral shedding, there
is no proven evidence to confirm the fecal-oral
transmission and replication of the virus. More
studies need to be conducted; however, current
findings have provided promising insights into
the critical effects of COVID-19 on the GI
system.

Clinical effect of SARS-CoV-2 on
Liver

4.7

Liver injury associated with COVID-19 is
defined as any clinical or laboratory abnormality
related to liver function that appears in patients
either with or without a pre-existing liver disease
[62]. Liver function derangements with Covid-19
infection are usually transient and mild. The most
frequent derangements observed is an elevated
Alanine aminotransferase (ALT) and Aspartate
transferase (AST) level, with the incidence
ranging from 2.5%-50.0% and 2.5%-61.1%

respectively. Total bilirubin levels are elevated
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from 0%-35.3% of Covid-19 positive patients.
Elevated (AKDP)
gamma-glutamyl transferase (GGT) levels have

alkaline phosphatase and
been

NAFLD and this was associated with a more

reported in patients with comorbid

severe disease course and a poor prognosis [47-
58].

Studies have found moderate microvascular
steatosis, mild lobular and portal activity, mild
sinusoidal dilatation and an increase in mitotic
cells and ballooned hepatocytes on liver biopsy of
Covid-19 patients [69, 70, 71]. A few mechanisms
have been proposed to explain the liver injury

patterns.

1. Cytotoxicity: The SARS-CoV-2 may

directly  infect  hepatocytes  and
cholangiocytes - since the receptor of the
virus, ACE2 is present on both types of
cells and induce apoptosis via a caspase-
dependent pathway [62]. It is important
to note, however, that biopsy of liver
tissue from a patient who died from
COVID-19  has
inclusions [62-69].
2. Cytokine storm: Several studies have
reported that COVID-19 patients with

abnormal liver function have higher

shown no wviral

serum pro-inflammatory cytokine and
chemokine levels including C reactive
protein (CRP), procalcitonin, serum
ferritin, LDH, D-dimer, 11.-6, IL.-2 and
lymphopenia — a consequence of
immune activation [62-69]. This suggests
that the liver injury seen in SARS-CoV-2
might be a consequence of the cytokine
storm.

the

hepatotoxic drugs including lopinavir,

3. Hepatotoxic  drugs: use of

ritonavir,  remdesivir,  chloroquine,
tocilizumab, uminefovir, Chinese
traditional medicine, antibiotics,

antipyretics and analgesics is common in
Covid-19 patients [47-58].

high
positive end expiratory pressure during

4. Hepatic congestion: levels of

mechanical ventilation can lead to

elevated right atrial pressures and hepatic
congestion [47-58].

Clinical effect of SARS-CoV-2 in
Rheumatoid Arthritis (RA)

4.8

A study recently published in Autoimmunity
Reviews has suggested that the combined effects
the
corticosteroids and immunosuppressive drugs

of impaired immunity and use of
increases the risk of bacterial and viral infections
in RA patients [73, 74]. According to the Global
Rheumatology Alliance Global Registry, patients
preferably age>065-year-old with acute flares of
active rheumatic disease, living in a health care
facility and other associated comorbidities are at
increased risk of severe illness. The Italian Society
for Rheumatology performed a retrospective
study to monitor impact of COVID-19 in
patients with autoimmune rheumatic diseases.
Carlo Alberto Sciré et al. (2020) recruited 232 (36%
males) elderly patients (mean age 62.2 years), who
used corticosteroids (51.7 %) suffering from
multiple comorbidities. Rheumatoid Arthritis
was the most common disease (34.1%), followed
by spondyloarthritis (26.3%), connective tissue
disease (21.1%) and wvasculitis (11.2%). 69.4%
patients had an active disease [74]. Typical
COVID-19 clinical presentation occurs, with
systemic symptoms (fever and lack of energy) and
respiratory symptoms. The overall outcome was
severe with 69.8 % required hospitalization, 55.7
% required respiratory oxygen support, 20.9 %
needed invasive ventilation or 7.55% needed
mechanical ventilation and 19 % patients died.
Male

Immunomodulatory

SeX was a poor prognostic factor.

treatments  were  not
significantly associated with an increased risk of
ICU admissions and death [74].

Along with other common respiratory symptoms
of COVID-19, musculoskeletal symptoms can
develop. In a recent study, arthralgia was reported
in 15% and myalgia in almost 44% in COVID-19
patients, although COVID-19 is not well-known
to cause clinical arthritis. However, high dose
glucocorticoids diminish the musculoskeletal
symptoms of COVID-19. We hypothesized that
the COVID-19 pandemic could erroneously
cause an increase in RA cases. There is still no

report which indicates that people develop
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autoimmune inflammatory arthritis, such as RA,
after being infected by SARS-CoV-2 or any of the
other six known human coronaviruses [65, 75, 70,
77]

The release of pro-inflammatory cytokines in the
alveolar membranes during severe COVID-19
infection share connections with the primary
cytokines (IL-1, IL-6, IL-17, TNF) targeted in the
treatment of RA. Both diseases induce extensive
tissue destruction and organ failure. COVID-19
is characterized by a robust host immune
response, elicited by alveolar epithelial cell
damage and T cell activation in the lungs that
causes uncontrolled local production of pro-
inflammatory effector cytokines leading to the
attraction of a vast majority of neutrophils and
macrophages to the lungs. Barrier damage, T-cell
activation, effector cytokine production, and
influx  (the
synovitis) are commonalities between COVID-
19 and RA. Whether cytokine inhibition can
block this process remains to be established, but

neutrophil critical features of

a rationale exists for this approach. The use of
cytokine inhibitors in COVID-19 is balanced by
the fact that a pathological hyper-inflammatory
state is driving the pathology and might require
therapeutic cytokine inhibition [78].

We initially assumed that immunocompromised
patients with autoimmune rheumatic diseases
were likely to present with a more severe course
of COVID-19 requiring oxygen support and
admission to ICU. However, the total prevalence
of inflammatory rheumatic disorders among ICU
patients with SARS-CoV-2 pneumonia was low
(1.1%) as compated to the general population
(1%—2%). Moreover, most critically ill patients
with had
cardiovascular

rheumatic  disease
like
obesity and diabetes mellitus that can contribute

to the development of ARDS. That is why any

multiple

comorbidities diseases,

definite conclusions regarding the risk of severe
COVID-19 in rheumatic patients cannot be
made, since we do not know the total number of
infected patients with autoimmune rheumatic
diseases in Russia. As a general rule, patients with
any chronic illness are at increased risk of

contracting respiratory infections frequent

outpatient clinic visits or hospitals where they can
have exposure with infected individuals [73].

No specific treatment for COVID-19 warrants
symptomatic care, so the control of disease
activity is the mainstay of management of RA
COVID-19.  Also, the
management of comorbidities and extra-articular

patients  during
features plays a crucial role in the control of the
disease. Recommendations regarding the use of
immunomodulatory drugs during COVID-19 are
as follows [79, 80, 81].

e NSAIDs: May be used in active arthritis
but stopped in case of severe respiratory
symptoms with diagnosed or suspected
COVID-19.

e Steroids: the

mainstay of initial treatment in acute RA

Corticosteroids  are
flares. Lowest-possible dexamethasone
use is recommended in patients with
moderate to severe COVID-19. Sudden
discontinuation should be avoided.

e sDMARDS: May be
Sulfasalazine, Methotrexate

but

and

used,

Leflunomide should be stopped in
patients with diagnosed or suspected
COVID-19.

e DbDMARDS, tsDMARDS: May be
considered in moderate to severe RA,
JAK inhibitors and non-IL-6 biologics
should be discontinued in patients with
diagnosed or suspected COVID-19.
Switching  from  intravenous  to
subcutaneous form can be considered if
available. Increase of dosing-interval or
reduction of RTX can be considered.

® Pneumococcal, influenza vaccine and
Vitamin D: These are also recommended

for suspected patients.

Clinical effect of SARS-CoV-2 on
Nervous System

4.9

Although the predominant clinical presentation is

with respiratory disease, neurological
manifestations are being increasingly recognized
[82]. Olds & Kabbani (2020) raised the question
of nicotine associated neurological comorbidity
in COVID19 patients that the viral target
receptor ACE2 is expressed in the brain and
functionally interacts with nAChRs [83]. They

considered neural cells and astrocytes (especially
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in the hypothalamus and brainstem) more prone
to infection in smokers because nicotine
stimulation of the nAChR was found to increase
ACE2 expression within them. ACE2 signaling
pathway is believed to counteract oxidative stress
and neuroinflammation, thus, disruption in ACE
balance can lead to neurodegeneration of
dopaminergic neurons or impairment in
cholinergic pathways which might participate in
the progression of Alzheimet's disease [83].

For a given virus, the ability to infect certain cells,
tissues, or even species while not affecting others
is referred to as wiral tropism. This viral tropism,
allowing a virus to replicate in and affect certain
body tissues, would then lead to the symptomatic
presentation of that virus. A major factor that
dictates this tissue selectivity is the vitus' ability to
bind and take over specific host cell surface
receptors. Recent research on SARS-CoV-2 has
shown that similatly to SARS-CoV, this virus can
invade tissues by binding to the ACE2 receptor
on certain host cells. It has been reported that the
brain also expresses ACE2 receptors on glial cells
and neurons and is most prominent in the
brainstem, the paraventricular nucleus (PVN),
nucleus tractus solitarius (NTS), and the rostral
ventrolateral medulla which all play a role in
cardiovascular regulation. [47, 84].

The neurological manifestations can be generally
divided
petipheral.

into two categories: central and

Central manifestations include
headache, dizziness, impaired consciousness,
confusion,
difficulties,

cerebrovascular events, encephalitis, and post-

encephalopathy, delirium, global

syncope, seizures, gait
infectious autoimmunity. Peripheral disorders
include isolated cranial nerve dysfunctions (i.e.,
impaired sense of smell and taste sensation),
and
the

neurological symptoms develop throughout the

Guillain-Barré-syndrome, myositis-like

muscle injury. Although majority of
course of illness, others such as acute strokes can
be the initial presentation. [85] A systematic
review of neuroimaging and neurologic
manifestations of 214 patients in China suggested
headache and dizziness were amongst the most
common neurological signs of COVID-19.
However, the role of MRI and CT scan of the

brain has shown that once within the CNS,

COVID-19 s

detrimental

shown to produce more

neurological manifestations;
including but not limited to an aneurysm,
encephalitis, polyneuropathy, anosmia, ageusia,
ischemic and hemorrhagic strokes. COVID-19
isolation and contact precaution measures have
ability  to
complications Therefore, it is
recommended that patients with COVID-19

neurological conditions should be followed for

limited perform  neurological

carly on.

some months after recovery to report any
worsening of symptoms. [86]

As per Berger et al (2020), headache is a common
symptom of COVID-19 being observed in up to
40% of patients [87]. Similarly, the contribution
of CNS viral SARS-CoV-2
contributes to the frequently observed altered

invasion by

levels of consciousness in the severely ill
COVID-19 patient as opposed to general
systemic disease. Unsurprisingly, encephalopathy
has been described. Patients with encephalopathy
consequent to overwhelming infection and
associated co-morbidities are likely to be the most
common neurological complication. Several
pathophysiological processes may be responsible
for an increased risk of stroke with COVID-19.
Severe disease is seen more often in older patients
who often have comorbidities that increase their
risk of stroke. [80] As per Zhou et al. (2020),
markers of coagulation may be increased during
infection, and disseminated intravascular
coagulation has been observed [88]. Brain
endothelial cells express ACE-2 receptors, and
the potential exists for viral-induced vasculitis.
Risk may be increased for both arterial and
venous cerebrovascular disease. [46, 89, 90]

According to Seiden et al. (2004), loss of smell in
association with upper respiratory infection is
common and has been attributed damage to
olfactory epithelial by the causative virus [91].
Anosmia has been reported in up to 30 to 66%
of patients and may be an early symptom of
infection. Anecdotally, in mild infection, it may
be the only clue of infection. Anosmia is often
accompanied by ageusia, or loss of taste [92].
Anosmia and ageusia related to COVID-19
typically resolve over several weeks. A high

expression of ACE-2 receptor on oral mucosa
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has been reported and may be related to these
symptoms with SARS-CoV-2 [47, 89].

5 Conclusion

The COVID-19 pandemic continues to threaten
people globally and therefore the global economy
due to its potential threat on the healthcare
system. Patients with comorbidities are especially
more prone to severe complications of COVID-
19 and higher rates of hospitalization.
Comorbidities may range from any pre-existing
cardiac, respiratory, gastrointestinal, endocrine,
renal, autoimmune, or other
immunocompromised state of a disease. During
our literature review we learned about the
pathophysiology of SARS-CoV-2 and how it
affects multiple organ systems. Symptomatic and
supportive care are all clinicians can provide at
this time.
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