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ARTICLE INFO ABSTRACT
Keywords: The devastating pandemic of coronavirus disease 2019 (COVID-19) has caused thousands of deaths and left
COVID-19 millions of restless patients suffering from its complications. Increasing data indicate that the disease presents in

Chronic disorders
Prognosis
Multi-organ damage
Management plans

a severe form in patients with pre-existing chronic conditions like cardiovascular diseases, diabetes, respiratory
system diseases, and renal diseases. This denotes that these patients are more susceptible to COVID-19 and have
higher mortality rates compared to patients with no comorbid conditions. Several factors can explain the
heightened susceptibility and fatal presentation of COVID-19 in these patients, for example, the enhanced
expression of the angiotensin-converting enzyme-2 (ACE2) in specific organs, cytokine storm, and drug in-
teractions contribute to the increased morbidity and mortality. Adding to the findings that individuals with pre-
existing conditions may be more susceptible to COVID-19, it has also been shown that COVID-19 can induce
chronic diseases in previously healthy patients. Therefore, understanding the interlinked relationship between
COVID-19 and chronic diseases helps in optimizing the management of susceptible patients. This review
comprehensively described the molecular mechanisms that contribute to worse COVID-19 prognosis in patients
with pre-existing comorbidities such as diabetes, cardiovascular diseases, respiratory diseases, gastrointestinal
and renal diseases, blood disorders, autoimmune diseases, and finally, obesity. It also focused on how COVID-19
could, in some cases, lead to chronic conditions as a result of long-term multi-organ damage. Lastly, this work
carefully discussed the tailored management plans for each specific patient population, aiming to achieve the
best therapeutic outcome with minimum complications.

1. Introduction dyspnea, and bilateral lung infiltrates on imaging (Song et al., 2020).
Soon later, the causative agent was identified as severe acute respiratory

In December 2019, a breakout of pneumonia of unknown aetiology syndrome coronavirus 2 (SARS-CoV-2) (Bajgain et al., 2020). On
was identified in Wuhan City, China (Huang et al., 2020). Patients were December 31, 2019, Chinese health authorities warned the World
most notably presented with clinical symptoms of fever, cough, fatigue, Health Organization (WHO) about the novel coronavirus outbreak, then,
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respiratory distress syndrome; BMI, body mass index; ICU, intensive care unit; COPD, chronic obstructive pulmonary disease; CFR, case-fatality rate; DKA, diabetic
ketoacidosis; Ang II, angiotensin II; SGLT-2, sodium-glucose-co-transporter 2; RAS, renin-angiotensin system; IL, interleukin; Th1, T-helper-1; Th2, T-helper 2; IgE,
immunoglobin E; TMPRSS2, transmembrane protease serine 2; NF- kB, nuclear factor kappa B; ICS, inhaled corticosteroids; AKI, acute kidney injury; ATN, acute
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DIC, disseminated intravascular coagulation; ACS, acute chest syndrome.
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due to the rapid spread of the infection and its enormous global impact,
the WHO declared coronavirus disease 2019 (COVID-19) as a pandemic
on March 11, 2020 (Eurosurveillance editorial t, 2020).

SARS-CoV-2 belongs to the genus Betacoronavirus, which includes
other pathogenic viruses like severe acute respiratory syndrome coro-
navirus (SARS-CoV) and Middle East respiratory syndrome coronavirus
(MERS-CoV) (Petrosillo et al., 2020). SARS-CoV-2 shares approximately
80% sequence similarity with SARS-CoV (Sharma et al., 2020) and both
viruses gain cellular entry by using their spike proteins to bind to the
angiotensin-converting enzyme-2 (ACE2) (Sharma et al., 2020). SARS-
CoV-2 is distinctively characterized by an exceptionally rapid trans-
mission rate among humans (Gilbert, 2020). In fact, SARS-CoV-2 has a
higher binding affinity to ACE2, which could explain its exaggerated
transmissibility (Chu et al., 2020). As of July 14, 2020, more than 13
million cases of laboratory-confirmed SARS-CoV-2 infections and more
than 569 thousand deaths have been reported by the WHO. The rapid
outbreak of COVID-19 has become a public health concern, especially
that until now, an approved treatment is still lacking (Guan et al., 2020a;
Chen et al., 2020a). After being infected with SARS-CoV-2, most patients
developed mild symptoms; whereas, in some patients, the pathogenicity
of the virus can lead to fatal complications, including organ failure,
pulmonary oedema, septic shock, severe pneumonia and acute respira-
tory distress syndrome (ARDS) (Sharma et al., 2020; Chen et al., 2020a).

Data from the early months of the outbreak indicated that COVID-19
was more prevalent in patients suffering from chronic diseases such as
cardiovascular diseases, diabetes, chronic respiratory diseases, chronic
kidney disease, and obesity (Guan et al., 2020a; Richardson et al., 2020).
Besides, numerous studies have shown that COVID-19 patients with
comorbidities were at a higher risk of developing severe COVID-19 and
often had a worse prognosis (Wang et al., 2020a). A retrospective study
from China, including 138 COVID-19 patients, revealed that 64 (46.4%)
of them had one or more underlying chronic disease (Wang et al.,
2020a). In this study, 36 patients out of the 138 were admitted to the
intensive care unit (ICU), while the clinical condition of the remaining
102 patients was stable without intensive care (Wang et al., 2020a). The
majority of patients admitted to the ICU (72.2%) had underlying co-
morbidities (Wang et al., 2020a). Moreover, ICU admitted patients
were older and more likely to have dyspnea, anorexia, and many of them
(47.2%) needed invasive ventilation (Wang et al., 2020a). These find-
ings indicate that age and chronic diseases are considered as risk factors
for poor COVID-19 outcomes. The increased severity of COVID-19 in
patients with comorbid conditions may be attributed to several factors.
For example, since ACE2 is the functional receptor by which SARS-CoV-
2 gains cellular entry (Chu et al., 2020), the higher expression of ACE2 in
some organs such as the heart, islets of pancreas, lungs, small intestine,
and kidneys (Chen et al., 2020b; Liu et al., 2020a; Hamming et al., 2004)
could explain the severe presentation of COVID-19 in a specific patient
population. In addition, the severity of the disease is largely driven by an
excessive immune reaction to the virus, which is referred to as the
“cytokine storm”(Abdin et al., 2020; Ragab et al., 2020). Interestingly,
COVID-19 was found to cause the sudden onset of long-term organ
damage in individuals that did not have preexisting chronic conditions.
Some of these complications include myocardial injury (Guo et al.,
2020a), acute or chronic diabetes (Rubino et al., 2020), kidney injury
(Gabarre et al., 2020), gastrointestinal (GI) complications (Tian et al.,
2020), and liver damage (Chai et al., 2020). This adds to the complexity
of COVID-19, putting many infected patients at a high risk for disabling
chronic morbidities. Another group of patients who got huge attention
since the outbreak of the pandemic are patients with autoimmune dis-
eases (Figueroa-Parra et al., 2020). This population is more vulnerable
to serious infections (Listing et al., 2013) due to their disturbed innate
and adaptive immune responses, as well as their continuous use of
immunomodulatory drugs (Listing et al., 2013). It is also important to
mention that COVID-19 has been found to induce autoimmune and
autoinflammatory complications (Galeotti and Bayry, 2020). Under-
standing the association between COVID-19 and chronic diseases is
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essential in the management of patients with comorbid conditions. Be-
sides, it allows health care providers to minimize the devastating com-
plications associated with this disease. Herein, this review provides
evidence for the severe presentation of COVID-19 in different chronic
diseases such as cardiovascular diseases, diabetes, respiratory system
diseases, chronic kidney disease, chronic liver disease, gastrointestinal
disease, and obesity (Fig. 1). More importantly, it comprehensively de-
scribes the molecular mechanisms by which COVID-19 induces these
diseases (Table.2), and how genetic variants can influence the suscep-
tibility to and severity of COVID-19. Finally, the review discusses
tailored management strategies for those patients with comorbid con-
ditions aiming to achieve the best therapeutic outcome.

2. Prevalence of chronic diseases among COVID-19 patients

In a recent study including 5700 COVID-19 patients from New York
City (Richardson et al., 2020), the most common comorbidities were
hypertension (3026 patients; 56.6%), obesity with a body mass index
(BMI) >30 (1737 patients; 41.7%), and diabetes (1808 patients; 33.8%),
followed by chronic respiratory diseases, chronic kidney disease, coro-
nary artery disease, congestive heart failure and cancer (Richardson
et al., 2020). These findings were consistent with preliminary U.S. data
(Team, 2020), including 7162 COVID-19 cases, which were reported to
the Centers for Disease Control and Prevention (CDC) from 50 states. In
this report, 2692 patients (37.6%) had one or more underlying health
condition, with the most commonly described conditions being diabetes
(784 patients, 29.1%), chronic lung disease (656 patients, 24.4%), and
cardiovascular disease (647 patients, 24.0%) (Team, 2020). Among ICU
admitted patients, 78% of them had at least one pre-existing health
condition or risk factor (Team, 2020). Furthermore, the analysis of this
report revealed that COVID-19 patients with pre-existing chronic con-
ditions were at a higher risk for severe COVID-19 associated outcomes
(Team, 2020).

The association between COVID-19 severity and the presence of
comorbidities was clearly observed and reported in numerous studies. A
meta-analysis was conducted in China (Wang et al., 2020b), including

Pre-existing chronic diseases

” _ COVID-19 target organs
in COVID-19 patient
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Fig. 1. Diagram depicting the association between COVID-19 and chronic
comorbidities. In severe COVID-19 presentation, patients are commonly re-
ported to have several chronic diseases that can get aggravated or induced by
SARS-CoV-2 infection due to the abundant presence of ACE2 in different
target organs.
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1558 COVID-19 patients from six retrospective studies, in which 324
(20.8%) were severe cases (Wang et al., 2020b). Results showed that
patients with hypertension, diabetes, or chronic obstructive pulmonary
disease (COPD) had a higher risk of COVID-19 exacerbation (Wang
et al., 2020b). Two studies from the meta-analysis provided data in
terms of cerebrovascular disease, which was significantly associated
with poor outcomes (Wang et al., 2020a; Xu et al., 2020a). To further
understand COVID-19 related severe outcomes, the results from mor-
tality reports may explain the actual causes of death (Onder et al., 2020).
Reports comparing the case-fatality rate (CFR) of COVID-19 patients in
Italy and China showed that patients aged 80 years and older had higher
CFR compared to younger patients (Onder et al., 2020; Wu and
McGoogan, 2020). This could be explained by the fact that older patients
are more likely to have pre-existing chronic diseases, which increases
the severity of COVID-19 (Yang et al., 2020). Indeed, COVID-19 patients
who had underlying chronic conditions showed an elevated CFR for
cardiovascular disease (10.5%), diabetes (7.3%), chronic respiratory
disease (6.3%), and hypertension (6.0%) (Wu and McGoogan, 2020).
Data describing the prevalence of comorbidities in COVID-19 deceased
patients in China, Italy, and the UK was summarized in Table 1 (Chen
et al., 2020c; Chen et al., 2020d; Williamson et al., 2020). Another
important population at high risk of getting severe COVID-19 compli-
cations are patients with autoimmune diseases (Figueroa-Parra et al.,
2020). Furthermore, a time-series analysis has been done in France to
report the incidence of COVID-19 associated Kawasaki disease (KD),
where results showed that the incidence of KD related to SARS-CoV-2
was increasing as 80% of patients presenting with KD from April to
May of 2020 tested positive for COVID-19 (Ouldali et al., 2020).

The prevalence of obesity is also reported in many studies, for
example, among 340 patients with severe COVID-19, 85 (25%) of them
suffered from obesity (BMI > 30 kg/mz) (Caussy et al., 2020), which is
classified as a potential risk factor for increased COVID-19 severity (Lui
et al., 2020; Sattar et al., 2020). Blood disorders and haemoglobin ab-
normalities have also been associated with an increased risk of illness
from COVID-19. For example, a meta-analysis entailed that the hae-
moglobin value was found to be significantly lower in COVID-19 pa-
tients with severe conditions than in those with milder forms of the
disease, yielding a weighted mean difference (WMD) of 7.1 g/L and 95%
confidence interval (CI), ranging from 8.3 to —5.9 g/L (Lippi and Mat-
tiuzzi, 2020).

Genetic variability of ACE2 between individuals may affect viral
fusion with the host cell, which alters the susceptibility to and severity of

Table 1
Summary of three studies showing the prevalence of comorbidities in deceased
COVID-19 patients.

Comorbidity Number of deaths (Percentage)
China (Chen Italy (Chen UK (Williamson
et al., 2020c¢) et al., 2020d) et al., 2020)
Cardiovascular 16 (14%) 1,004 (77.8%) 2,049 (36.1%)
diseases
Hypertension 54 (48%) 911 (70.6%) 4,204 (74%)
Diabetes 24 (21.2%) 409 (31.7%) 2,373 (41.8%)
Respiratory system 11 (9.7%) 234 (18.1%) 1,274 (22.4%)
diseases
Chronic kidney 4(3.5%) 298 (23.1%) 2541 (44.7%)
disease
Chronic liver disease 49 (3.8%) 111 (1.95%)
Gastrointestinal 1 (0.9%) - -
diseases
Cancer 5 (4.4%) 217 (16.8%) 1120 (19.7%)
Obesity - 129 (10.0%) e BMI 30-34.9 kg/

mZ

1,164 (20.5%)

o BMI >35 kg/m?>
724 (12.7%)

BMI, body mass index
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COVID-19 between different individuals (Benetti et al., 2020). Inter-
estingly, Benetti et al. reported ACE2 variants that might alter the pro-
tein’s stability (Benetti et al., 2020). The most common variants
identified were p.(Asn720Asp), p.(Lys26Arg), and p.(Gly211Arg) (Ben-
etti et al., 2020). Those three substitution variants are represented in the
European and the Italian populations, but very rare in the Asian popu-
lation (Benetti et al., 2020). More importantly, when ACE2 whole-
exome sequencing was compared between controls and COVID-19 Ital-
ian patients, statistically significant higher ACE2 allelic variability was
identified in the control group (Benetti et al., 2020). Therefore, the
differential morbidity and mortality between patients could also be
linked to the genetic variability of ACE2.

3. The association between COVID-19 and the most common
chronic conditions

3.1. Diabetes

3.1.1. Diabetes and COVID-19 severity

In the outbreak of SARS-CoV and MERS-CoV (Yang et al., 2006;
Kulesar et al., 2019), diabetic patients were at high risk for developing
severe and fatal forms of coronavirus pneumonia (Yang et al., 2006;
Kulcsar et al., 2019). Since the beginning of the COVID-19 outbreak,
diabetes has been identified as a risk factor for severe COVID-19. In fact,
it is one of the most frequently reported comorbidities in ICU admitted
and deceased COVID-19 patients (Team, 2020; Wang et al., 2020b; Wu
and McGoogan, 2020). In a study consisting of 52 ICU admitted COVID-
19 patients, 32 (61-5%) patients had died at 28 days post-admission;
diabetes (22%) and cerebrovascular diseases (22%) were the most
common comorbidities in those patients (Yang et al., 2020). In another
study including 44,672 COVID-19 patients, COVID-19 CFR was 7.3% in
patients with diabetes compared with 2.3% in those without diabetes
(Wu and McGoogan, 2020). Although the reason behind the poor
prognosis of COVID-19 in diabetic patients is unclear (Gupta et al.,
2020), several factors may contribute to the severe presentation. First,
poorly controlled diabetes impairs the immune response to viral in-
fections (Carey et al., 2018). In particular, defective T-cell action impairs
natural defence mechanisms, which reduces the capability of viral
clearance (Nyambuya et al., 2020). Second, patients with diabetes have
elevated plasminogen levels (Ji et al., 2020a). This particular protein
cleaves the spike protein of SARS-CoV-2, which enhances the cellular
entry of the virus; this, in turn, increases the virulence and infectivity of
the virus (Ji et al., 2020a).

Furthermore, COVID-19 patients with diabetes presented with a
higher level of inflammatory biomarkers such as D-dimer, IL-6, and C-
reactive protein compared to those without diabetes, indicating that
diabetes might raise the risk for worse COVID-19 outcomes (Guo et al.,
2020b). Third, SARS-CoV-2 gains entry inside the cell through ACE2
(Fang et al., 2020). Many diabetic patients receive ACE inhibitors for
their renal protective effects. This class of medication increases the
expression level of ACE2, which could aid viral entry into the host cells
(Fang et al., 2020). Additionally, microarray-based transcriptome
profiling for type II diabetes revealed that genes related to SARS-CoV-2
cellular entry like the transmembrane protease serine (TMPRSS) and
FURIN are upregulated in type II diabetes (Ramachandran et al., 2020).
Lastly, diabetic patients with other comorbidities like hypertension,
coronary artery disease, and chronic kidney disease have even worse
COVID-19 prognosis (Gupta et al., 2020). Overall, patients with diabetes
are clearly at a higher risk of developing severe complications due to
COVID-19. As discussed above, diabetes is considered among the top
common comorbidities in this pandemic. Hence, more attention should
be taken to understand the molecular mechanisms behind this risk.

3.1.2. Mechanisms through which COVID-19 induces diabetes
The presence of ACE2 in metabolic organs and tissues such as
pancreatic beta cells and adipose tissues (Liu et al., 2020a; Rubino et al.,
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Table 2
The multi-organ involvement of SARS-CoV-2 in patients summarizing the hallmarks of the viral infection across different systems.
Disease SARS-CoV-2 targets SARS-CoV-2 mechanism of actionin ~ SARS-CoV-2 induced symptoms Ref.
the comorbidity
Diabetes ACE2 in pancreatic beta cells Impairment of the glucose- Diabetic ketoacidosis (Chee et al., 2020; Lyu et al.,
stimulated insulin secretion 2018)
Cytokine storm
Cardiovascular ACE2 expressing cardiomyocytes Direct cardiomyocytes infection Arrythmia, oedema, electrolyte imbalance, (Guo et al., 2020a;
diseases Th1 response myocarditis, myocardial infarction Siripanthong et al., 2020)
Cytokine storm
Increase IL6, Decrease plakoglobin
Respiratory ACE2-expressing pneumocytes Cytokine storm ARDS, pulmonary thrombosis, pulmonary (Xu et al., 2020b; Spagnolo
diseases fibrosis et al., 2020)
Renal Disease ACE2 expressing renal tubules Cytokine storm, organ cross-talk, AKI (Wrapp et al., 2020;

lung - kidney axis

Liver Disease ACE2 expressing hepato- Cytokine storm
endothelial cells, and bile duct
ACE2 expressing

Endothelial cells

Blood disorders
dimer, CRP, fibrinogen,
Coagulation

Cytokine storm, elevated IL-6, D-

Panitchote et al., 2019)
(Hamming et al., 2004; Duan
et al., 2003)

(Li et al., 2020b; Connors
and Levy, 2020)

Increase in AST, ALT

Disseminated intravascular coagulation

Abbreviations: ACE2, Angiotensin-converting enzyme 2; IL-6, Interleukin 6; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein;

AKI, acute kidney injury; ARDS, Acute respiratory distress syndrome.

2020) provides a possible damaging effect of SARS-CoV-2 in these or-
gans through altering the metabolism of glucose, which may worsen
preexisting diabetes or lead to new onset of the disease (Rubino et al.,
2020). Indeed, it was found that SARS-CoV induces damage in the islets
of the pancreas leading to acute diabetes (Yang et al., 2010). A report
demonstrated that 20 out of 39 previously healthy patients infected with
SARS-CoV became diabetic during hospitalization (Yang et al., 2010).
After three years follow up, only two of these patients had diabetes
(Yang et al., 2010). Fortunately, it seemed that the damage induced by
SARS-CoV to the pancreatic islets was transient (Yang et al., 2010). On
the other hand, COVID-19 extended the length of hospital stay in pa-
tients with diabetes; it induced ketoacidosis and diabetic ketoacidosis
(DKA) in healthy and diabetic patients, respectively (Li et al., 2020a)
(Fig. 2). There is a possible mechanism through which COVID-19
induced DKA. It is largely attributed to the interaction with the renin-

®
5 e o ©
@ O
° o
o ® o0 GLUT=2
Glucose

4. Ketoacidosis
and DKA

l Insulin ° o

3. Reduction in insulin
secretion in response to
glucose

2. Accumulation of Ang Il

angiotensin-aldosterone system (RAAS) (Chee et al., 2020). Upon the
binding of SARS-CoV-2 to ACE2, viral entry via endocytosis occurs and
ACE2 gets downregulated, resulting in an unopposed accumulation of
angiotensin II (Ang II) (Vaduganathan et al., 2020). The elevated Ang II
binds to Ang II type 1 receptor (AT1R) and impairs the glucose-
stimulated insulin secretion (GSIS), thus inhibiting insulin biosynthesis
(Lyu et al., 2018; Lau et al., 2004). A study in China reported nine
COVID-19 patients with pancreatic injury and abnormalities in amylase
or lipase levels (Wang et al., 2020c). Additionally, six of them were
found to have abnormal blood glucose levels. The cytopathic effect
mediated by local replication of the virus might be a possible reason for
the pancreatic injury. Another explanation could be the invasive im-
mune response induced by COVID-19 leading to pneumonia and respi-
ratory failure, which contributes to multi-organ damage (Wang et al.,
2020c). Nevertheless, there is limited data available concerning

1. SARS-CoV-2 entry,
replication and ACE2
down-regulation

Ang I

Pancreatic islet

Fig. 2. Diagram revealing the mechanism through which SARS-CoV-2 induces diabetic ketoacidosis. ACE2: angiotensin-converting enzyme 2, AT1R: Angiotensin

type-1 receptor. Angll: angiotensin -2, GLUT-2: Glucose transporter-2.
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pancreatic manifestation in COVID-19 patients. Hence, further exami-
nation is warranted to assess the consequences of COVID-19 in diabetic
patients (Wang et al., 2020c).

3.1.3. Considerations for the management of diabetes in COVID-19 patients

There are special considerations that should be taken regarding the
treatment modality of diabetic patients infected with SARS-CoV-2.
Firstly, more emphasis should be placed on optimizing glycemic con-
trol in order to reduce the risk of severe outcomes (Bornstein et al.,
2020). The majority of patients with type 2 diabetes (T2D) have other
metabolic syndromes like hypertension and dyslipidemia. Thus, it is of
great importance to choose the suitable antihypertensive and lipid-
lowering agents in these patients (Bornstein et al., 2020). There are
special concerns in relation to glucose-lowering agents when used in
diabetic COVID-19 patients. Considering the risk of lactic acidosis or
euglycaemic ketoacidosis associated with metformin and sodium-
glucose-co-transporter 2 (SGLT-2) inhibitors, these medications should
preferably be suspended in patients with severe manifestations of
COVID-19 to reduce the risk of acute metabolic decompensation
(Bornstein et al., 2020; Meyer et al., 2018). Otherwise, careful moni-
toring of renal function is needed during the illness due to the increased
risk of chronic kidney disease or acute kidney injury (Bornstein et al.,
2020). On the other hand, dipeptidyl peptidase-4 (DPP-4) inhibitors
such as alogliptin, linagliptin, and saxagliptin are usually well-tolerated
and can be continued. In general, if the discontinuation of those drugs is
inevitably needed, the alternative treatment of choice is insulin (Born-
stein et al., 2020). Care should be taken to maintain fluid balance to
avoid the risk of fluid accumulation that can aggravate pulmonary
oedema in the severely inflamed lungs (Bornstein et al., 2020). An
important point needs to be addressed regarding potassium balance in
COVID-9 patients. A high prevalence of hypokalemia was found in
COVID-19 patients that is associated with disease severity (Chen et al.,
2020e). This is possibly linked to disordered renin-angiotensin system
(RAS) activity, as when SARS-CoV-2 binds to ACE2 and down-regulates
its expression, this is accompanied by increasing aldosterone which in
turn enhances the excretion of potassium (Chen et al., 2020e). Since
insulin is known to suppress plasma potassium concentrations, careful
assessment of potassium levels is crucial before initiating insulin in
COVID-19 patients (Chen et al., 2020e).

3.2. Cardiovascular diseases

3.2.1. Cardiovascular diseases and COVID-19 severity

Although the majority of COVID-19 cases are mild, the disease can be
presented in a more severe form in patients with pre-existing cardio-
vascular diseases (Matsushita et al., 2020). These patients were shown to
be more susceptible to COVID-19 and have a five to ten-fold increased
risk of mortality (Liu et al., 2020b). A nationwide study in China
revealed that COVID-19 fatality rates were 10.5% in patients suffering
from cardiovascular diseases, compared to only 0.9% in patients with no
comorbid conditions (Epidemiology Working Group for Ncip Epidemic
Response CCfDC, 2020). It has been shown that individuals suffering
from heart failure express significantly higher levels of ACE2 at both
mRNA and protein levels (Chen et al., 2020b). Therefore, this could
partially explain the severe presentation of COVID-19 in this specific
patient population (Chen et al., 2020b). A large retrospective observa-
tional study showed that hypertensive patients are at a remarkably
higher risk of mortality due to COVID-19, regardless of whether they are
taking antihypertensive medication or not (Gao et al., 2020). In fact,
those who were not treated for hypertension had even higher mortality
rates compared to those who were treated (Gao et al., 2020). This might
exclude antihypertensive medication as a possible cause for the poor
prognosis. Instead, it suggests that pathological and metabolic features
of hypertension predispose patients to a more severe form of COVID-19.

ACE2 genetic variants are expected to alter patients’ susceptibility to
COVID-19 (Hou et al., 2020). They might also influence the RAS system,
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which in turn, regulates cardiovascular function (Hou et al., 2020). One
of the ACE2 unique variants is p.Arg514Gly, and because this variant is
located in the angiotensinogen-ACE2 interaction surface, it can influ-
ence the function of RAS (Hou et al., 2020). Since the dysfunction in RAS
is associated with cardiovascular complications, the characteristic
location of p.Arg514Gly could hint why COVID-19 leads to more severe
cardiovascular complications in certain groups of people.

3.2.2. Mechanisms through which COVID-19 induces cardiovascular
complications

Some COVID-19 patients present to the hospital with symptoms of
cardiac arrest, elevated troponin levels, and echocardiogram abnor-
malities (Guo et al., 2020). Cardiac injury is one of the severe compli-
cations of COVID-19, and several mechanisms have been proposed to
explain how SARS-CoV-2 leads to such complications. First, direct
infection of cardiomyocytes by the virus could contribute to the path-
ophysiology of cardiovascular complications. After infecting the lung,
SARS-CoV-2 could invade pulmonary artery vascular cells, then it re-
cruits immune cells and initiates an inflammatory response (Guo et al.,
2020). Subsequently, through the pulmonary artery, the virus can gain
access to the bloodstream (Guo et al., 2020). Since the heart is the first
target of the pulmonary circulation, and it expresses high levels of ACE2,
this pathway enables SARS-CoV-2 to attack and injure the heart (Guo
etal., 2020). The inflammatory responses and cytokine storm also play a
major role in many cardiovascular complications. Many COVID-19 pa-
tients display high levels of interleukin (IL)-6, monocyte chemo-
attractant protein-1 (MCP1), IL-1B, interferon gamma-induced protein
10 (IP10), and interferon-gamma (IFNy)(Huang et al., 2020). These in-
flammatory cytokines can activate T-helper-1 (Th1) cells (Huang et al.,
2020). Cardiotropism and migration of Thl cells occur through the
binding of c-Met receptor, which is present on the surface of naive T-
cells, to hepatocyte growth factor (HFG) produced by the myocardium
(Fig. 3) (Siripanthong et al., 2020). Then, Thl cells release more
proinflammatory cytokines resulting in a positive feedback loop, which
further damages the heart (Siripanthong et al., 2020). Moreover, the
cytokine storm could lead to arrhythmia in COVID-19 patients. Proin-
flammatory cytokines such as IL-6 might displace a desmosomal protein
known as plakoglobin from the membrane of cardiomyocytes (Sir-
ipanthong et al., 2020). When this protein is lacking, the adhesion be-
tween cells becomes inadequate, leading to damage in the cell
membrane, cardiac cell death, and replacement of cardiomyocytes by
fibrofatty material (Siripanthong et al., 2020). Other mechanisms by
which COVID-19 induces arrhythmia include direct injury to car-
diomyocytes, which disturbs the plasma membrane and electrical con-
duction of the heart muscle (Siripanthong et al., 2020). In addition,
infecting the pericardium results in oedema, fluid overload, and elec-
trolyte imbalances (Siripanthong et al., 2020).

Patients with coronary artery disease could be at considerable risk of
myocardial infarction due to COVID-19. These patients have a built-up
plaque in their coronary vessels, which becomes unstable due to the
heightened inflammation (Guo et al., 2020a). The result is plaque
disruption and thrombus formation, ultimately leading to myocardial
infarction(Guo et al., 2020a). Myocarditis is another major complication
of COVID-19. This condition is an inflammatory disease of the
myocardium that is not associated with an ischemic cause (Siripanthong
et al., 2020). Instead, the pathophysiology involves a combination of T-
lymphocyte mediated toxicity, cytokine storm, and direct cell injury
(Siripanthong et al., 2020).

3.2.3. Considerations to the management of cardiovascular complications
in COVID-19 patients

ACE inhibitors and ARBs are first-line agents in heart failure, hy-
pertension, and post-myocardial infarction (Mancia et al., 2020).
However, their administration to COVID-19 patients has been contro-
versial (Mancia et al., 2020). Especially that patients with cardiovas-
cular comorbidities are frequently prescribed these medications, and
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Fig. 3. Illustration demonstrating the process initiated by COVID-19 which damages the myocardium. MHC1: major histocompatibility complex-1, ACE2:
angiotensin-converting enzyme 2. APC: antigen-presenting cell. TCR: T cell receptor, HGF: hepatocyte growth factor

have been associated with higher mortality rates due to COVID-19
(Mancia et al., 2020). Indeed, ACE inhibitors can increase the expres-
sion level of ACE2 (Esler and Esler, 2020), which could enhance the
cellular fusion of SARS-CoV-2 with the host cell (Esler and Esler, 2020).
Nevertheless, there is no consensus on whether these agents alter the
susceptibility and severity of SARS-CoV-2 infection (Vaduganathan
et al., 2020). Several clinical studies did not observe an association
between their use and increased risk of COVID-19 or its mortality
(Mancia et al., 2020; Mehra et al., 2020; Reynolds et al., 2020). As a
result, health care professionals warned against discontinuing such
drugs because it could exacerbate cardiovascular conditions and in-
crease the mortality (Driggin et al., 2020). On the other hand, despite
the function of ACE2 in viral entry and infection, it acts as a counter
-regulatory enzyme in the RAS and degrades Ang II into the car-
dioprotective Ang (1-7) (Vaduganathan et al., 2020). However, when
SARS-CoV-2 enters the host cell, it downregulates ACE2 and leads to
accumulation of Ang II which could lead to left ventricular remodeling
(Vaduganathan et al., 2020). In fact, administration of recombinant
ACE2 could normalize the levels of Ang II, and protect against
myocardial injury in COVID-19 (Vaduganathan et al., 2020). Hence,
there is an ongoing randomized clinical trial to evaluate recombinant
ACE2 in COVID-19 (NCT04287686). Besides, losartan, an angiotensin
receptor blocker, is also being investigated in clinical trials for treating
COVID-19 (NCT04312009, NCT04311177) (Vaduganathan et al.,
2020).

The destructive cytokine storm associated with COVID-19 compels
the use of immune-modulating agents in the management of this disease.
Tocilizumab is a monoclonal antibody that blocks IL-6 receptors, and
therefore it might be beneficial in reducing myocardial inflammation
(Siripanthong et al., 2020). Several clinical trials are currently ongoing
to test its efficacy in COVID-19; NCT04361552, NCT04445272,
NCT04435717, NCT04403685. In patients with arrhythmia, intrave-
nous (I.V.) amiodarone is the drug of choice (Fulchand, 2020). However,
since COVID-19 patients are often prescribed hydroxychloroquine or
azithromycin, the benefit of administering amiodarone should be
weighed against the risk since the combination of these drugs might
cause QT prolongation (Fulchand, 2020). In cases of myocarditis, [V
immunoglobulins were shown to be of value in the management pro-
tocol (Hu et al., 2020). However, the use of nonsteroidal anti-
inflammatory drugs (NSAIDs) is not encouraged by both the American
Heart Association (AHA) and the European Society of Cardiology (ESC).
NSAIDs are known to cause renal impairment and sodium retention,

which possibly leads to exacerbated acute ventricular dysfunction (Sir-
ipanthong et al., 2020).

3.3. Respiratory system diseases

3.3.1. Asthma and COVID-19

Asthma is an inflammatory chronic respiratory disease that has been
associated with the susceptibility and severity of viral respiratory in-
fections. Moreover, the association of viral infections like rhinoviruses
with asthma exacerbation has been established by several studies
(Johnston et al., 2005; Zheng et al., 2018). The susceptibility of asth-
matics to respiratory viral infections and virus-induced asthma exacer-
bations could be attributed to the elevated type 2 immune responses
present in many asthmatic patients (Dunican and Fahy, 2015). Type 2
immunity is mediated by T-helper 2 (Th2) cells that secrete the in-
terleukins IL-4, IL-5, and IL-13. These interleukins contribute to immu-
noglobin E (IgE) production and accumulation, eosinophil activation,
and mucus production (Liu et al., 2020c). Previous studies have linked
this type of immune response to weakened antiviral responses and
diminished production of the antiviral interferons, explaining the
vulnerability of asthmatic patients to several respiratory viruses (Carli
et al., 2020).

Based on this knowledge, it was initially anticipated that asthmatic
patients would be highly susceptible to COVID-19. Till now, there has
been a discrepancy in data reporting the prevalence of asthma in re-
ported cases of COVID-19. Both China and Italy witnessed a surprisingly
low incidence of COVID-19 in asthmatic patients (Carli et al., 2020;
Zhang et al., 2020a). These findings are consistent with data published
from 12 other studies that also showed asthma to be underreported in
COVID-19 patients (Lupia et al., 2020). The USA reported a prevalence
of asthma in COVID-19 patients higher than the regional asthma prev-
alence in a study reporting the characteristics of 5700 COVID-19 pa-
tients in New York City (Richardson et al., 2020). Yet, asthma was still
not one of the most common comorbidities in this study (Richardson
et al., 2020). There is also some controversy regarding the effect of
asthma on COVID-19 severity. Few reports linked asthma to COVID-19
severity; however, in most of the studies, asthma was not identified as
a risk factor for severe illness (Morais-Almeida et al., 2020). Moreover,
cases of COVID-19 patients with severe asthma were reported to have a
good outcome despite expectations of severe infection and poor prog-
nosis in this subset of patients (Garcia-Moguel et al., 2020).

There are several lines of evidence that could explain why asthmatic
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patients generally do not seem to be highly vulnerable to COVID-19. The
expression levels of the ACE2 and TMPRSS2 encoding genes were re-
ported to be similar in both asthmatic patients and healthy controls
(Peters et al., 2020). This could justify why asthmatic patients are not at
a higher risk of infection with SARS-CoV-2. Interestingly, some reported
that the vulnerability of asthmatic patients to COVID-19 depends on the
asthma phenotype. Jackson et al. recognized a significant reduction in
ACE2 expression in patients with allergic asthma but found no associ-
ation between non-allergic asthma and ACE2 reduction (Jackson et al.,
2020).

Moreover, another study found non-allergic asthma to be linked to
COVID-19 severity but reported no such findings with allergic asthma
(Zhu et al., 2020a). The apparent protective role of allergic asthma in
COVID-19 could be explained by the type 2 immune responses associ-
ated with this type of asthma. Studies elucidated the role of type 2
associated cytokines like IL-4 and IL-13 in inhibiting the release of
proinflammatory cytokines like IL-6 and TNF alpha (Liu et al., 2020c).
Elevation in these proinflammatory cytokines was found to be associ-
ated with the cytokine storm syndrome and poor outcomes in COVID-19
patients (Qin et al., 2020). Hence their inhibition could improve the
clinical outcomes of patients. Another point to be considered is the
reduction in eosinophil levels detected in COVID-19 patients (Liu et al.,
2020c). As type 2 asthma is associated with eosinophilia, this could have
positive effects on the patients by compensating the low eosinophil
levels during the infection.

3.3.2. COPD, smoking, and COVID-19 interplay

COPD is another chronic respiratory disease that could be exacer-
bated predominantly by viral and bacterial infections (Bauer et al.,
2013). Factors associated with COPD, such as old age, compromised
innate antiviral response, exacerbated inflammatory responses, and
impaired mucociliary function all contribute to patient’s predisposition
to viral respiratory infections and virus-induced exacerbations (Lippi
and Henry, 2020). The main culprit associated with inducing these
dysregulated mechanisms in COPD patients is cigarette smoking, the
main risk factor for COPD in the industrialized world (Bauer et al.,
2013). Taking these facts into consideration, it would be logical to as-
sume that COPD and cigarette smoking would be attributable to a high
number of morbidity and mortality cases of COVID-19, instead, there
seems to be a more complex relationship involved.

With regard to COPD, the current literature surprisingly reveals a
low prevalence of COPD patients in COVID-19 studies. The prevalence
rates of COPD in China, New York, and Italy’s studies were low (Goyal
etal., 2020; Emami et al., 2020; Grasselli et al., 2020). Contrarily, it was
observed that COPD was associated with a higher risk of death and
COVID-19 associated complications (Algahtani et al., 2020). In a meta-
analysis, including 1558 patients, individuals with COPD were 5.9 times
more prone to COVID-19 exacerbations than patients without COPD
(Wang et al., 2020b). Intriguing data regarding cigarette smoking has
also been reported. The prevalence data revealed an unanticipated low
percentage of smokers in COVID-19 hospitalized patients in China
(Emami et al., 2020). Regarding the association between smoking and
COVID-19 progression, studies reported varying results. On one hand, a
meta-analysis, including 2473 COVID-19 patients, revealed that current
smokers were 1.45 times more prone to developing COVID-19 compli-
cations (Algahtani et al., 2020). Another meta-analysis, which included
11,590 patients from 19 studies, also associated smoking with a higher
risk of disease severity (Patanavanich and Glantz, 2020). On the other
hand, in a cross-sectional analysis of 4,103 COVID-19 patients in New
York, no association was found between smoking and a higher risk for
hospitalization (Petrilli et al., 2020). This was also reported by Lippi
et al., who performed a meta-analysis on several Chinese studies (Lippi
and Henry, 2020).

Overall, these data show lower than expected prevalence rates of
COPD and smoking among COVID-19 patients; however, a higher risk of
COVID-19 severity is associated with COPD. Surprisingly, there was not
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enough evidence to associate COVID-19 severity and mortality with
smoking. The risk of severe COVID-19 in patients with COPD could be
explained by the elevated inflammatory responses associated with
COPD, which could exacerbate the COVID-19 associated cytokine storm
(Lippi and Henry, 2020). In addition, an elevation in ACE2 was found in
COPD patients and smokers, which could further explain the high
virulence of SARS-CoV-2 in this group of patients (Leung et al., 2020).
Till now, there is no explanation for the low prevalence of infection in
these groups or the conflicting data regarding smoking and disease
severity. It has been proposed that nicotine could provide protective
effects against COVID-19 complications through its anti-inflammatory
properties. Nicotine can activate the a7-nicotinic acetylcholine re-
ceptors (a7nAChR) that are expressed on macrophages. Through the
activation of this receptor, the activity of nuclear factor kappa B (NF- kB)
is suppressed, hence suppressing the release of proinflammatory cyto-
kines associated with the cytokine storm (Gonzalez-Rubio et al., 2020).
Another probable explanation would be that during the pandemic, some
data regarding the patients’ diagnosis and smoking history could have
gone missing or been unreported. Interesting findings by Cai et al. hint at
the existence of gene-smoking interactions. After analysing several
transcriptomic datasets of normal lung tissue, Asian current smokers
were predicted to have a higher ACE2 gene expression compared to
Caucasian current smokers, implying that ethnicity could have a role in
smokers susceptibility to COVID-19 (Cai, 2020). All in all, more studies
should be done before drawing conclusions on the actual effect of COPD
and smoking on COVID-19.

3.3.3. Mechanisms through which COVID-19 induces lung damage

The lung is obviously the organ that is most affected by SARS-CoV-2
infection, making respiratory failure the leading cause of death of
COVID-19 patients (Vincent and Taccone, 2020). There are several
mechanisms implicated in causing acute respiratory complications in
COVID-19 patients. The first one involves the entry of SARS-CoV-2 into
ACE2-expressing pneumocytes in the epithelial lining of the alveoli,
which can cause direct pulmonary injury, evident as diffuse alveolar
damage in the lungs of COVID-19 patients (Zhang et al., 2020b).
Another main trigger of acute lung damage is the cytokine storm, caused
by the sustained release of proinflammatory cytokines, which in turn
precipitates an overly aggressive immune response storm (Chousterman
et al., 2017). This is initiated when RNA fragments of SARS-CoV-2 are
recognized by the toll-like receptors (TLR) of innate immune cells
(Schnappauf et al., 2019). This action not only prompts an antiviral
immune response through the release of type I interferon, but also ac-
tivates the expression of the NF-kB, which plays a significant role in the
production of many proinflammatory cytokines including IL-6, IL-1, and
TNF alpha (Schnappauf et al., 2019). The rapid and excessive release of
these cytokines causes severe inflammation, which leads to detrimental
effects on body organs, especially the lungs causing pulmonary com-
plications like ARDS. Clinical findings associated with ARDS such as
pulmonary edema with desquamation of pneumocytes as well as hyaline
membrane formation have been observed in lung autopsies of deceased
COVID-19 patients (Xu et al., 2020b).

Pulmonary thrombosis is another cause of lung damage in COVID-19
patients. Several processes have been speculated to be involved in
causing this pathological feature. Firstly, SARS-CoV-2 can invade ACE2
expressing endothelial cells of the capillaries surrounding the alveolar
walls (Varga et al., 2020). Endothelial damage, in turn, could activate
the coagulation cascades and cause platelet activation (Levi et al.,
2002). The cytokine storm also plays a role in activating thrombotic
pathways through the overproduction of the proinflammatory cytokine
IL-6, which plays a role in platelet proliferation and activation (Fig. 4)
(Hou et al., 2008). Lastly, the RAS system could also be involved in
causing thrombotic abnormalities. The binding of SARS-CoV-2 to ACE2
eventually causes downregulation in ACE2 expression. Because Ang II
binds to ACE2 to be metabolized, when there is a downregulation in this
receptor, an accumulation of angiotensin II occurs (Vaduganathan et al.,
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Fig. 4. Diagram illustrating the pathway used by SARS-CoV-2 to induce respiratory and haematological abnormalities. ACE2: angiotensin-converting enzyme 2, TLR:
toll-like receptor NF-kB: nuclear factor kappa B, Angll: angiotensin -2, ARDS: acute respiratory distress.

2020). Elevated levels of angiotensin II have been found to promote
thrombus formation (Mogielnicki et al., 2005).

In addition to inducing acute lung injury, it has been speculated that
SARS-CoV-2 infections could even cause long term pulmonary impair-
ment in COVID-19 survivors, based on previous clinical data from SARS
and MERS patients (Spagnolo et al., 2020). One of the long-term con-
sequences of ARDS is pulmonary fibrosis, associated with an accumu-
lation of fibroblasts and excessive deposition of extracellular matrix
components such as collagen in the lung tissues (Lechowicz et al., 2020).
Pulmonary fibrosis is a progressive disease, so patients with this con-
dition would suffer from a persistent decline in lung function, eventually
turning to respiratory failure (Spagnolo et al., 2020). Currently, there is
limited data on whether pulmonary fibrosis occurs in COVID-19 survi-
vors; however, evidence of declining pulmonary function in discharged
COVID-19 patients has been reported (Xiaoneng et al., 2020). It is
therefore essential to determine the real impact of fibrosis on the sur-
viving population to know whether or not to consider antifibrotic
therapy as a prophylactic measure against the possible long-term re-
percussions of COVID-19.

3.3.4. Considerations for the management of chronic respiratory diseases in
COVID-19

One of the classes of drugs that have raised the most concern during
this pandemic is corticosteroids. Clinical evidence showed that the use
of systemic corticosteroids in previous SARS-CoV and MERS-CoV in-
fections did not show added benefits and was even associated with
worse outcomes due to their immunosuppressive effects (Russell et al.,
2020). Moreover, the WHO advised against the use of systemic corti-
costeroids in such patients unless indicated for exacerbations of asthma
or COPD (WHO, 2020). As a result, during the COVID-19 pandemic,
physicians were initially apprehensive about the routine use of inhaled
corticosteroids (ICS), which are the cornerstone of asthma and COPD
treatment. Nevertheless, the current evidence does not reveal any link
between the use of ICS and COVID-19 susceptibility and severity.
Contrarily, the maintenance of routine therapy during this pandemic
could maintain lung function and prevent future respiratory exacerba-
tions, including ones that could be precipitated by viral infections
(Bhutani et al., 2020). More interestingly, Peters et al. reported an as-
sociation between the use of ICS and a decrease in the expression level of
both ACE2 and TMPRSS2. They analysed gene expression data in

induced sputum samples from 330 participants of the SARP-3 (Severe
Asthma Research Program-3) program, a well-characterized cohort of
asthma subjects and healthy controls designed to study the molecular
phenotypes of asthma. Their findings revealed a dose-dependent asso-
ciation between ICS and reduced ACE2 and TMPRSS2 mRNA expression,
which could hint at a protective role for these medications against SARS-
CoV-2 entry (Peters et al., 2020). In a randomized controlled trial to
determine whether ICS administration altered the gene expression of
key SARS-CoV-2 related genes in COPD patients, whole-transcriptome
RNA sequencing was performed on bronchial brush samples of COPD
patients treated with ICS. ICS cause the downregulation of both the
ACE2 gene and the host cell protease gene ADAM17 (Milne et al., 2020).
The leukotriene modifier, montelukast, is another anti-asthmatic
medication whose use is encouraged in asthmatic patients, due to its
anti-inflammatory properties. Montelukast can reduce the levels of
proinflammatory cytokines TNF alpha and IL-6, and hence could prevent
the development of the COVID-19 associated cytokine storm (Fidan and
Aydogdu, 2020). As for biologic medications used in severe asthma to
target eosinophil production, there is no clear data regarding whether its
use puts patients at risk of COVID-19 progression. However, eosinophil
levels should be monitored (Morais-Almeida et al., 2020). In general,
both the Global Initiative for Asthma (GINA) and Global Initiative for
Chronic Obstructive Lung Disease (GOLD) guidelines recommend that
patients should be maintained on their regular therapy and that no
medication should be discontinued ((GINA) GIfA, 2020; (GOLD) GIf-
COLD, 2020). In patients infected with SARS-CoV-2 who have asthma or
COPD exacerbations, the usual course of management, including the
administration of a short course of oral corticosteroids should be fol-
lowed but only under the supervision of a physician (Hasan et al., 2020).
Lastly, an important point to consider in clinics is the risk of viral
transmission via nebulized treatment. It has been recommended that
patients with COVID-19 associated asthma or COPD exacerbation should
not be administered bronchodilators or corticosteroids through nebuli-
zation to avoid the risk of infecting other patients and healthcare pro-
viders (Hasan et al., 2020). In these cases, metered-dose inhalers are
preferred, however, if not possible then patients using the nebulizer in
their homes or in a clinical setting should take their medication in an
isolated room while taking the necessary precautions (Hasan et al.,
2020).
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3.4. Renal Disease

3.4.1. Renal disease and COVID-19 severity

Renal disease is considered as one of the players that significantly
impact COVID-19 patients’ prognosis, and attribute to the disease
severity. In fact, reports show that more than 40% of COVID-19 positive
cases commonly have abnormal proteinuria (Cheng et al., 2020), with
acute kidney injury (AKI) being reported in 20-40% of the critically ill
patients in the ICU (Richardson et al., 2020). In addition, a prospective
cohort study was carried out on 701 COVID-19 positive patients
admitted to a tertiary hospital in Wuhan, with the goal to assess the
association between deteriorated kidney function and death rates
among patients (Cheng et al., 2020). In this study, 43.9% of the patients
presented with proteinuria, and 26.7% displayed haematuria. Moreover,
during the hospitalization, 5.1% showed AKI. In this subgroup of pa-
tients with renal abnormalities, Kaplan-Meier survival analysis revealed
that they have a significantly higher risk for in-hospital death(Cheng
et al., 2020). On the other hand, another report analyzed the possible
contributing factors to AKI development in 161 ICU patients (Mohamed
et al., 2020). The results showed that AKI incidence was 28% among ICU
patients, and that 35% of the patients who were diagnosed with AKI had
a previous history of chronic kidney disease stage 3-5. In comparison,
28% of patients with CKD stage 3-5 didn’t further develop AKI
(Mohamed et al., 2020). Therefore, further investigation to determine
clear criteria and risk factors for developing AKI in COVID-19 patients is
of crucial need. It is worth mentioning that the impact of the renal injury
on COVID-19 prognosis might be underestimated, as the creatinine level
prior to admission that would reflect the status of the kidney function is
not readily available (Pei et al., 2020). Hence, due to the established
relation between kidney function and COVID-19, early detection of renal
abnormalities in COVID-19 patients is essential for allowing rapid
proper intervention and to reduce the mortality rates.

3.4.2. Mechanisms through which COVID-19 induces renal damage

Based on the ascending evidence that shows the association between
COVID-19 and renal injury, multiple studies were conducted to explore
the possible link. For instance, the immunohistochemistry of kidney
tissues from six patients revealed the existence of SARS-CoV-2 nucleo-
capsid protein in the kidney tubule, which can be linked with direct
tubular injury (Diao et al., 2020). In addition, the viral RNA was
detected in the urine of patients (Adapa et al., 2020). On a molecular
level, ACE2 is seen to be highly abundant in the kidneys. In fact, the
comparative analysis by Xu et al. found the expression of ACE2 in the
kidneys to be similar to that of the lungs (Adapa et al., 2020). Moreover,
renal cells such as podocytes and proximal convoluted tubules were
found to be particularly rich with ACE2 and TMPRSS genes, the main
targets for SARS-CoV-2 (Wrapp et al., 2020). Besides the role of ACE2 in
aiding viral entry to the kidney tissues, it plays a pivotal role in COVID-
19 induced kidney injury. The cytokine storm that gets activated upon
the viral infection is reported to have a direct role in causing renal tissue
damage and acute tubular necrosis (ATN) (Diao et al., 2020; Ronco and
Reis, 2020). In fact, the autopsies of six kidney tissues revealed that the
ATN is associated with macrophages infiltration, along with the marked
presence of T-lymphocytes and natural killers in the kidney tissues (Diao
et al., 2020). Thus, the immune hyperactivation initiated by SARS-CoV-
2 infection is evidently contributing to renal damage. Organ cross-talk
also explains the kidney involvement after SARS-CoV-2 infection. The
pulmonary-renal axis seem to play an interesting role, where a retro-
spective study showed that in 357 patients who did not have a history of
any renal abnormality prior to ARDS development, 68% of them dis-
played AKI (Panitchote et al., 2019).

Renal damage associated with SARS-CoV-2 infection does not seem
to be influenced by genetic ACE2 variants (Zhang and Zhang, 2020). To
evaluate the propensity of renal damage in COVID-19 patients, Zhang
et al. searched for genetic determinants of ACE2 expression in tubu-
lointerstitial kidney tissue (Zhang and Zhang, 2020). Although 49
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variants were detected, none of them were statistically significant,
indicating that the general population could be equally susceptible to
the effects of SARS-CoV-2 on the kidney (Zhang and Zhang, 2020).

3.4.3. Considerations for the management of renal diseases in COVID-19
patients

To date, there is no tailored protocol to optimize the management of
COVID-19 patients with underlying kidney disease. However, this issue
requires urgent attention as the proper and early intervention would
impart an effect on reducing COVID-19 patients’ mortality rates (Ronco
et al., 2020). It is advised with COVID-19 positive patients to follow the
supportive care guidelines for their renal health. For instance, the use of
nephrotoxic agents should be off-limits, and constant monitoring of the
patient’s creatinine and urine output is highly advised for critically ill
patients, as it will help in reducing the risk of developing AKI (Eknoyan
et al., 2012). Of note, there is an urgent need to have consistent renal
damage biomarkers that can be used for early prediction of AKI in
COVID-19 patients. This matter should be properly investigated in
clinical settings (Ronco et al., 2019). Adjusting the fluid volume is a
crucial factor to be assessed. COVID-19 patients tend to be hypovolemic
on admission. Therefore, this needs to be carefully corrected early to
prevent AKI (Matthay et al., 2020). The initiation of Renal Replacement
Therapy (RRT) has been proven to be efficient in critically ill COVID-19
patients with hemodynamic instability (Husain-Syed et al., 2018).
However, the safety and the correct integration of such treatment mo-
dality in COVID-19 patients needs to be further confirmed in clinical
trials. Lastly, it is also advised to incorporate the use of cytokine blockers
to counteract the sustained release of harmful pro-inflammatory cyto-
kines (Neelapu et al., 2018).

3.5. Gastrointestinal system

3.5.1. Gastrointestinal system and COVID-19 severity

Emerging studies indicate that gastrointestinal (GI) symptoms may
precede respiratory symptoms in some COVID-19 patients (Wang et al.,
2020a; Han et al., 2020). This could worsen disease outcomes since
patients suffering from diarrhoea, abdominal pain, and loss of appetite
do not usually suspect having COVID-19 and tend to delay their hospital
checkup, thereby delaying the diagnosis (Mao et al., 2020). Indeed, it
was shown that patients with COVID-19 and GI involvement had more
complications, such as ARDS (Mao et al., 2020), liver injury (Mao et al.,
2020), and even higher mortality rates (Pan et al., 2020). In addition,
abdominal pain was approximately four-fold associated with an
increased risk of severe COVID-19 (Henry et al., 2020). Nevertheless,
there are some discrepancies in the literature, where the higher mor-
tality in patients with GI symptoms is not always supported. It has been
demonstrated that the length of hospital stay and mortality did not
significantly differ between COVID-19 patients with and without GI
involvement (Mao et al., 2020). On the other hand, the outcome of
COVID-19 in patients with pre-existing inflammatory bowel disease
(IBD) can fall into two categories. First, the presentation of COVID-19
might be severe in this population because of their inflamed gut and
immunosuppressive medications (Singh et al., 2020). The other possi-
bility is that COVID-19 would be milder in patients with IBD. The latter
theory can be explained by the fact that ACE2 is present in two distinct
functional forms in the human body (Monteleone and Ardizzone, 2020).
The first one is the membrane-bound ACE2 that is used by SARS-CoV-2
for cellular entry, while the second form is the soluble ACE2 that lacks a
membrane anchor and circulates in the blood. It has been shown that
soluble ACE2 is upregulated in patients with IBD and can competitively
bind to the virus, reducing its cellular entry (Monteleone and Ardizzone,
2020).

3.5.2. Mechanisms through which COVID-19 induces GI complications
Several mechanisms have been proposed for the GI complications
associated with COVID-19. First, ACE2 is highly expressed in the GI
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tract, and the viral nucleocapsid was identified in duodenal, gastric, and
rectal glandular epithelial cells, suggesting direct injury to the GI tract
by the virus (Tian et al., 2020). ACE2 has a recognized role in regulating
intestinal inflammation and bowel movement. Therefore the binding of
SARS-CoV-2 to this protein can disturb the absorptive functions of ACE2
expressing enterocytes, which results in malabsorption, distorted in-
testinal secretion, and stimulated enteric nervous system, all of which
lead to diarrhoea (Zhang et al., 2020c). Second, SARS-CoV-2 might
disturb the intestinal flora, which results in digestive symptoms (Pan
et al., 2020). Interestingly, disturbed intestinal flora can affect respira-
tory function, and the respiratory tract flora also affects the gastroin-
testinal tract (Budden et al., 2017). The connection between the two
systems is referred to as the “gut-lung axis”, and it could be involved in
the clinical manifestations of COVID-19 (Budden et al., 2017). Third, the
exaggerated inflammation in COVID-19 patients can also contribute to
adverse effects on the GI system (Pan et al., 2020). Finally, the fourth
mechanism is that long-term hypoxemia induced by respiratory failure
can cause GI mucosal cell injury and necrosis, leading to ulceration and
bleeding (Tian et al., 2020).

3.5.3. Considerations for the management of gastrointestinal complications
in COVID-19 patients

The management of GI complications in COVID-19 is usually symp-
tomatic. Antidiarrheal agents such as loperamide can be administered to
the patients. In addition, antispasmodics might help in the case of
abdominal pain (Tian et al., 2020). Proper rehydration is critical to
maintaining electrolyte balance. Otherwise, the clinical stability of the
patients would deteriorate (Jin et al., 2020). Monitoring potassium
levels is also an important practice in patients with GI symptoms because
abnormal levels might lead to cardiovascular complications, especially
that some medications used in COVID-19 can increase the risk of QT
prolongation in the case of electrolyte imbalances (van den Broek et al.,
2020). Another useful management strategy is the administration of
probiotics to replenish the gut microbiota (D’ Amico et al., 2020), which
could enhance the overall function of the GI tract.

3.6. Liver disease

3.6.1. Liver disease and COVID-19 severity

Liver impairment seems to be a frequent feature among COVID-19
patients (Garrido et al., 2020). In fact, multiple reports present evi-
dence of elevated liver enzymes as one of the most frequently altered
parameters in patients with severe cases, which therefore proposes
questions on the clinical significance of such hepatic abnormalities as
risk factors and markers for COVID-19 prognosis. COVID-19 patients
tend to show an elevation in many of the crucial liver enzymes (Jin et al.,
2020; Garrido et al., 2020), such as alanine aminotransferase (ALT)
where the incidence of its elevation range between 2.5-50.0% (Xie et al.,
2020). Similarly, aspartate aminotransferase (AST) levels are frequently
increased in COVID-19 cases with an incidence ranging between 2.5-
61.1% (Ji et al., 2020b). Studies demonstrate that this noticeable rise in
liver enzyme levels was found to be associated with COVID-19 severity.
For example, in a cohort study with 1099 patients assembled from 552
hospitals, the elevation of AST enzyme was more dominant in severe
patients as compared to the non-severe cases. Moreover, another report
by Huang et al. confirms the same principle by displaying that AST
elevation was reported in 62% of the ICU patients as compared to 25% of
the non-ICU patients (Huang et al., 2020). Also, Chen et al. reported the
presence of severe liver abnormalities in 43 patients out of a total of 99
COVID-19 positive patients (Chen et al., 2020a). While numerous find-
ings are highlighting the association between liver impairment and
COVID-19, it is still unclear whether these abnormalities are a direct
consequence of the infection or not. Therefore, further investigations are
of the essence to assess this correlation.
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3.6.2. Mechanisms through which COVID-19 induces liver impairment

Several studies were conducted with the purpose of revealing how
SAR-CoV-2 can induce hepatic damage. Autopsy of COVID-19 deceased
patients showed the abundant presence of the viral protein in liver cells
(Chen et al., 2020a). This can be explained by the fact that the liver is
rich in ACE2, especially on the surface of hepatic endothelial cells
(Hamming et al., 2004). Hence, besides the lungs, the liver seems to be
an additional target for SARS-CoV-2. Noticeably, ACE2 expression is
more prominent in the bile duct compared to liver cells, with an
expression level similar to that of the alveolar type-2 cells of the lungs
(Chai et al., 2020). This suggests that liver injury is mostly due to
COVID-19 damaging the bile duct rather than the hepatocytes (Chai
et al., 2020). It is worth mentioning that the respiratory failure in
COVID-19 patients can be one of the players in liver injury, as the
induced anoxia can subsequently affect liver function by the emerging
hypoxic hepatitis (Sun et al., 2020). The cytokine storm and the severe
inflammatory state triggered by COVID-19 also participate in liver
damage, where reports showed that the level of elevated cytokines was
significantly higher in patients with liver abnormalities compared to
those without hepatic defects (Fig. 5) (Jin et al., 2020; Duan et al.,
2003). While studying the mechanistic process through which COVID-
19 causes liver damage, other factors come to the forefront that
should be carefully considered. For instance, infected patients tend to be
treated with many of the hepatotoxic agents that by themselves can
initiate the noted liver damage such as many of the antibiotics, antivi-
rals, and steroids (Yang et al., 2005). Also, the patient history with liver
diseases or infections is a major factor that can contribute to the dete-
riorated liver function, taking into account that the hepatitis virus
replication is noted to be enhanced in COVID-19 patients (Mantovani
et al., 2020). To date, there is no clear elucidation of the COVID-19
molecular mechanism involved in liver damage, which warrants the
need for further elaboration.

3.6.3. Considerations for the management of liver diseases in COVID-19
patients

On the light of the building evidence which shows that SARS-CoV-2
is causing hepatic dysfunction, it is of great importance to pay special
attention and implement preventive considerations to protect the pa-
tients from impairments in their liver functions (Boettler et al., 2020).
For instance, it is crucial to constantly monitor liver biochemistry for all
COVID-19 patients. In addition, it is recommended to screen COVID-19
patients for hepatitis B or hepatitis C infection and inspect for any
existing hepatic disease (Sun et al., 2020). Moreover, since there is no
clear margin on whether the reported injuries are caused directly by the
COVID-19 or whether it is induced by the hepatotoxic used agents (Xu
et al.,, 2020b), it is vital to investigate the safety of the implemented
treatment protocols on the liver, especially that this is currently over-
looked. Also, it is recommended that in patients with liver disease, early
initiation of antiviral therapy is needed (Boettler et al., 2020). Lastly, it
is always beneficial to promote the inclusion of liver protecting agents
that can as well attenuate the inflammatory process such as ammonium
glycyrrhizinate to increase the recovery rate and enhance patients out-
comes (Yu et al., 2017).

3.7. Immune system disorders and COVID-19

3.7.1. Autoimmune diseases and COVID-19 severity

Since the outbreak of the pandemic, concerns have been raised about
the risk of COVID-19 and its associated complications in patients with
systemic autoimmune diseases (Figueroa-Parra et al., 2020). In general,
patients with autoimmune diseases like rheumatoid arthritis (RA) are
more vulnerable to serious infections (Listing et al., 2013). This is
attributed to several reasons, for example, these patients have disturbed
innate and adaptive immune responses, and they continuously use
potent immunomodulatory drugs (Listing et al., 2013). This puts those
patients at more than a 2-fold increased risk of serious infections than
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Fig. 5. Illustration of the association between COVID-19 and liver injury. ACE2: angiotensin-converting enzyme 2; DILI: Drug induced liver injury.

the general population (Listing et al., 2013). A comparative cohort study
elucidated the risks of COVID-19 in RA patients (D’Silva et al., 2020),
the intensive care admission and mechanical ventilation were more
often required in patients with the rheumatic disease than those without
(D’Silva et al., 2020). In a retrospective multicenter observational study
in Italy including 5,206 chronic psoriasis patients, data showed that
there was no significant number of hospitalizations or deaths from
COVID-19 (Gisondi et al., 2020). Due to the limited data, it remains
unknown how COVID-19 impacts psoriasis patients. On the other hand,
the link of viral infection and exacerbation of psoriasis has been docu-
mented in a previous study which aimed to investigate the cases of acute
psoriasis flares following respiratory tract infection, rhinovirus and
coronavirus are the most frequently detected causative pathogens (Sbi-
dian et al., 2019). The acute flares may be explained by the activation of
Toll-like receptor 3 (TLR3) that triggers several inflammatory cytokines
such as IL-36 which has been shown to be pathogenic in psoriasis sub-
types like generalized pustular psoriasis and plaque psoriasis vulgaris
(Sbidian et al., 2019). A systematic review and meta-analysis, which
included 6 studies (Liu et al., 2020d), investigated the relationship be-
tween severe or dead COVID-19 cases and autoimmune diseases. Results
revealed that patients with autoimmune diseases were marginally
correlated with increased risk of COVID-19 severity and mortality, but
the statistical difference was not significant (Liu et al., 2020d). However,
we can not ignore the risk of COVID-19 in these diseases due to the
limited sample size (Liu et al., 2020d).

3.7.2. Mechanisms through which COVID-19 induces autoimmune diseases

The emerging clinical data indeed support that COVID-19 can trigger
autoimmune diseases and/or auto-inflammatory mechanisms (Ehren-
feld et al., 2020; Caso et al., 2020). A study in Germany aimed to
investigate the possible role of autoimmunity in SARS-CoV-2-associated
respiratory failure (Gagiannis et al., 2020), based on serological,
radiological, and histomorphological findings; researchers suggested
that infection with SARS-CoV-2 could cause or simulate a form of organ-
specific autoimmunity in predisposed patients (Gagiannis et al., 2020).
Furthermore, in a Chinese retrospective study included 21 severe and
critically ill COVID-19 patients, laboratory findings showed that the
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prevalence of autoimmune disease-related autoantibodies such as
anti-52 kDa SSA/Ro antibody, anti-60 kDa SSA/Ro antibody, and
antinuclear antibody were 20%, 25%, and 50%, respectively (Zhou
et al., 2020). These important findings raised the question of whether
COVID-19 is able to induce an autoimmune disease associated with long-
lasting symptoms and delayed complications.

Indeed, a pattern of pro-inflammatory cytokines induced in COVID-
19 shares similarities with those in RA (Schett et al., 2020). Musculo-
skeletal symptoms including arthralgia and more frequently myalgia
were reported in patients with COVID-19 (Schett et al., 2020). Although
there is no report in the current pandemic, which indicates that patients
develop autoimmune inflammatory arthritis such as RA (Schett et al.,
2020). However, in a study aimed to examine the effects of respiratory
viral infections on the development of RA, the results revealed that in-
fections with parainfluenza, coronavirus, and metapneumovirus are
associated with increased cases of RA (Joo et al., 2019).

Another autoimmune complication following COVID-19, is the
incidence of idiopathic thrombocytopenic purpura, which has been re-
ported in one patient, four days following COVID-19 (Zulfigar et al.,
2020). Furthermore, symptoms of Guillain-Barré syndrome including
severe deficits and axonal involvement along with neuromuscular fail-
ure were reported in five patients after infection with SARS-CoV-2
(Toscano et al., 2020). Autoimmune haemolytic anaemia was also
recorded following COVID-19 that was observed in seven cases (Laz-
arian et al., 2020). On the other hand, COVID-19 was reported to cause
serious autoinflammatory complications affecting children up to 17
years old, named as a paediatric inflammatory multisystemic syndrome
(PIMS), which includes wide-ranging manifestations such as Kawasaki-
like disease, toxic shock syndrome, myocarditis and macrophage acti-
vation syndrome (Galeotti and Bayry, 2020).

Although the exact mechanism behind the appearance of autoim-
mune and autoinflammatory diseases has not yet been firmly established
(Galeotti and Bayry, 2020), many scientists postulated that COVID-19
itself could act as a direct trigger of these conditions by molecular
mimicry (Galeotti and Bayry, 2020). Also, the hyper-inflammatory state
and dysregulated immune response following COVID-19 may also
trigger and promote other environmental factors in predisposed
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individuals to cause the observed pathologies (Galeotti and Bayry,
2020). Genetic predisposition also plays a crucial role in children to
develop a COVID-19 associated Kawasaki disease (Galeotti and Bayry,
2020). Indeed, a study identified various Kawasaki disease susceptibility
genes (Galeotti et al., 2016), like inositol-triphosphate 3-kinase C
(ITPKC), caspase 3 (CASP3), B-lymphoid tyrosine kinase (BLK), Cluster
of differentiation 40 (CD40), and Fcgamma-receptor 2A (FCGR2A)
(Galeotti et al., 2016). Thus a careful examination of predisposing fac-
tors by using genome-wide association studies will aid in providing
mechanistic insights on the incidence of PIMS (Galeotti and Bayry,
2020).

3.7.3. Considerations for the management of autoimmune diseases in
COVID-19 patients

The usage of immunosuppressant agents in counteracting the con-
sequences of COVID-19 associated hyperinflammatory state have been
discussed extensively in many reports (Ritchie and Singanayagam,
2020). On the other hand, the continuous use of potent immunomodu-
latory drugs renders patients with autoimmune diseases at increased risk
of serious infections (Listing et al., 2013). Thus careful assessment
should be made in case of COVID-19 autoimmune patients who are
already taking these medications. There are also several questions that
need to be answered, whether to continue or discontinue these medi-
cations, and whether immunomodulatory therapies, such as biologic
drugs would be of benefit in suppressing the cytokine storm.

In the setting of rheumatic diseases, according to the American
College of Rheumatology Guideline (Mikuls et al., 2020), for patients
with presumptive COVID-19, it is recommended to temporarily stop all
immunosuppressant drugs, non-IL-6 biologics, and JAK inhibitors until
negative results or until symptoms are no longer observed (Mikuls et al.,
2020), while chloroquine, hydroxychloroquine, NSAIDs and sulfasala-
zine may be continued (Mikuls et al., 2020). On the other hand, for
patients with documented COVID-19, regardless of COVID-19 severity,
sulfasalazine, methotrexate, leflunomide, immunosuppressants, JAK
inhibitors, and non-IL-6 biologics should be withheld (Mikuls et al.,
2020). The main concern is that these agents, particularly sulfasalazine,
cause a panel of adverse effects similar to the signs of COVID-19, such as
gastrointestinal upset, diarrhoea, cytopenias and uncommonly pneu-
monitis. Thus, withholding this treatment would be unlikely to result in
rheumatic disease flares (Mikuls et al., 2020).

The spectrum of autoimmune and autoinflammatory diseases that
can be triggered by COVID-19 should be carefully monitored and early
diagnosed, which is essential for effective recovery and prevention of
end-organ damage. In case of classical Kawasaki disease, several reports
showed that these patients were most responsive to intravenous
immunoglobulin (IVIG) treatment (Galeotti et al., 2016). However, in
cases of COVID-19 associated Kawasaki disease, patients were less sen-
sitive to IVIG therapy compared to classic Kawasaki disease; thus the
addition of steroids could be helpful (Galeotti and Bayry, 2020).
Regarding children with COVID-19 associated PIMS, clinical data
showed that the administration of anakinra, an IL-1 receptor antagonist,
has promising results (Galeotti and Bayry, 2020). Previous reports
indicated that patients with PIMS have an elevated level of IL-6 similar
to severe COVID-19 adult patients (Verdoni et al., 2020; Belhadjer et al.,
2020; Galeotti and Bayry, 2020), and clinical data showed that the
administration of IL-6 targeted immunotherapies has promising results
in critically ill COVID-19 adult patients (Galeotti and Bayry, 2020).

Hence, consideration of IL-6 receptor blockers, such as tocilizumab
and sarilumab may be feasible in patients with COVID-19 associated
PIMS (Galeotti and Bayry, 2020).

3.8. Obesity and COVID-19
Another factor that was recognized to play an underlying role in

compromising the recovery of COVID-19 patients is obesity. The link
between obesity and viral respiratory infections, such as influenza A
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(H1IN1), has already been recognized in the past (Huttunen and Syrja-
nen, 2013; Almond et al., 2013). As such, obesity was identified as an
independent risk factor for patient hospitalizations during flu season and
the development of pulmonary complications such as ARDS (Huttunen
and Syrjanen, 2013). Taking into account the vast spread of the COVID-
19 pandemic as well as the fact that more than a third of the world’s
population range from being overweight to obese (Hruby and Hu, 2015),
any association between weight gain and COVID-19 would have pro-
nounced effects on the epidemiological data reported.

The emerging clinical data indeed support the involvement of
obesity in COVID-19 severity. In a retrospective study in China, it was
reported that 88.24% of non-survivors of COVID-19 had a BMI > 25, as
opposed to 18% in the survivor group (Peng et al., 2020). Simonnet et al.
also carried out a retrospective cohort study on 124 patients and
observed that patients with a BMI > 35 were 7 times more at risk of
requiring invasive mechanical ventilation during their ICU stay than
patients with a BMI < 25 (Simonnet et al., 2020). Though the younger
population is generally considered to be at a lower risk for COVID-19
associated complications, it was found that obesity could pose a threat
to patients less than 60 years old and make them liable to poor clinical
outcomes. This was described by Lighter et al. when they demonstrated
that patients aged <60 years with a high BMI were more likely to be
admitted to acute and critical care than patients in the same age group
with a lower BMI (Lighter et al., 2020). This was also backed up by
another study that reported the high likelihood of obesity in young
COVID-19 patients admitted to the ICU (Kass et al., 2020).

Furthermore, the genetic predisposition to obesity could increase the
risk of developing severe COVID-19 (Zhu et al.,, 2020b). Utilizing
genome-wide genotyping data from the Genetic Investigation of
Anthropometric Traits (GIANT) consortium and United Kingdom Bio-
bank, the polygenic risk scores for three obesity measures (BMI, BMI-
adjusted waist-to-hip ratio, and BMI-adjusted waist circumference)
were calculated (Zhu et al., 2020b). The results demonstrated that in-
dividuals with a high polygenic risk score for BMI had a significantly
higher risk of hospitalization due to severe COVID-19 (Zhu et al.,
2020b). Although no statistically significant association was found be-
tween the polygenic risk score of the other two obesity measures, they
had a positive correlation with COVID-19 severity (Zhu et al., 2020b).
Intriguingly, this links the genetic predisposition to obesity with a
higher risk of developing severe COVID-19.

There are several possible explanations for the relationship between
obesity and COVID-19. Along with obesity being linked to other
comorbidities, which could increase the risk of COVID-19 susceptibility
and severity, there are other factors that make obesity an independent
risk factor for poor outcomes. Firstly, there could be a direct link be-
tween the pathogenicity of SARS-CoV-2 and excessive adipose tissue in
obese patients, as adipose tissue was found to express ACE2 at signifi-
cantly higher levels than the lungs (Al-Benna, 2020). Large amounts of
adipose tissue in obese patients mean higher levels of ACE2, and as ACE2
is the main point of entry for SARS-CoV-2, this could facilitate viral entry
into the host cells and their propagation (Hoffmann et al., 2020).
Obesity could also have a role in aggravating the cytokine storm. Obesity
is characterized by a state of chronic inflammation, caused by an
imbalance in the release of adipokines from adipose tissue. The pro-
inflammatory adipokine leptin is upregulated in obesity, causing over-
expression of pro-inflammatory cytokines such as IL-6 and TNF alpha
(Post et al., 2020). Elevation in these cytokines was found to be asso-
ciated with poor outcomes in COVID-19 patients (Qin et al., 2020).
Chronic inflammation in obesity also plays a role in inducing endothelial
dysfunction (Sanchis-Gomar et al., 2020). Endothelial damage is one of
the mechanisms of SARS-CoV-2 pathogenicity, as the virus could invade
endothelial cells through ACE2 expressed on their surface (Sanchis-
Gomar et al., 2020). Endothelial damage is linked to further aggravation
of the cytokine storm, as well as platelet hyperactivation, leading to a
coagulative state in patients (Pons et al., 2020). This suggests that
obesity-related endothelial dysfunction could further add to the harm
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caused by SARS-CoV-2-induced endothelial damage, and increase the
risk of developing COVID-19-associated complications like ARDS and
thrombotic events.

These factors highlight the importance of dealing with obese patients
as a high-risk group in COVID-19 regardless of age. It is also crucial to
take into account that in these exceptional times, a vast number of the
population is under quarantine and isolation. As these circumstances
make individuals more prone to stress eating and lack of physical ac-
tivity, it is critical to raise more awareness of the dangers of obesity in
the current pandemic.

3.9. Blood Disorders

3.9.1. Blood disorders and COVID-19 severity

As COVID-19 remains a threat on the health of those infected,
research indicates that the consideration of patients with blood disor-
ders is uniquely essential due to the impact infectious complications may
have on their haematology (Willan et al., 2020). Due to their immuno-
deficiency, these patients carry an excess risk for viral infections like
SARS-CoV-2 and have a poorer prognosis (Scarfo et al., 2020). In fact,
records of hospitalized patients during two previous influenza periods
(2003-2005) in the United States indicated that the rate of children
hospitalized was 56 times higher in those with sickle cell disease (SCD)
than those without SCD (Bundy et al., 2010). Additionally, it has been
shown that several factors linked to the infection could also initiate
COVID-19 associated blood disorders (Tan et al., 2020). Leukaemia is
another disease that was correlated to a higher susceptibility of SARS-
CoV-2 infection. In a study analyzing array-based gene expression data
for 30 diseases including leukaemia, an upregulation in ACE2 and the
proteases TMPRSS and FURIN were observed in six leukaemia subtypes
(Ramachandran et al., 2020). In a recent multicenter, international
cohort study conducted by Mato et al. (Mato et al., 2020), data on the
overall survival of 198 COVID-19 cases with chronic lymphocytic
leukaemia (CLL) was provided. Although the primary goal of this study
(Mato et al., 2020) was the estimation of overall survival for patients
diagnosed with COVID-19, the investigators found that 90% of the pa-
tients required hospital admission, of which 92% required supplemental
oxygen, 38% received intensive care, 27% required intravenous vaso-
pressor support, and 11% required hemodialysis. Investigators also
noticed that these rates were very similar in both of the subgroups
consisting of patients who had previously received CLL directed therapy
and the other of which patients had not previously received CLL directed
therapy. Further, 66 deaths were documented, with no differences in
overall survival between both subgroups (Mato et al., 2020). On the
other hand, an earlier epidemiological study performed by Guan et al.
(Guan et al., 2020b) provided data on 1,099 COVID-19 cases throughout
China and compared disease severity through clinical differences be-
tween patients. In contrast to the study conducted by Mato et al. (Mato
et al., 2020), only 5.0% of patients during this study received intensive
care, of which 2.3% underwent invasive mechanical ventilation, and
1.4% died. The data presented in this study (Guan et al., 2020b) shows
that patients screened for severe COVID-19 and those with higher rates
of ICU admission, mechanical ventilation, and deaths are those pre-
sented with lymphocytopenia (83.2%), thrombocytopenia (36.2%), and
leukopenia (33.7%). In a subsequent series of studies (Huang et al.,
2020; Chen et al., 2020a; Wang et al., 2020a; Wu et al., 2020) also
conducted in China, the association between lymphocytopenia and the
need for intensive care unit admission was emphasized. Even with the
limited clinical evidence, it is noticeable that patients with pre-existing
blood disorders are amongst those most vulnerable to SARS-CoV-2
infection, and that those at risk of developing blood abnormalities
may have a poorer prognosis of the COVID-19. Hence, initial detection
and close monitoring of haemoglobin levels in infected patients should
be contemplated (Chowdhury and Anwar, 2020).

In an attempt to identify host genetic factors that contribute to the
severity of COVID-19, a genome-wide association study consisting of a
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total of 1610 patients and 2205 controls was conducted in Europe
(Ellinghaus et al., 2020). COVID-19 patients were recruited to the study
only if they had a severe presentation of the disease, represented by
hospitalization with respiratory failure (Ellinghaus et al., 2020). The
results of this study revealed that individuals with blood group A are
more prone to the severe presentation of COVID-19 compared to in-
dividuals with other blood groups (Ellinghaus et al., 2020). In the
meantime, blood group O offered a protective effect against the infection
(Ellinghaus et al., 2020). Therefore, the ABO blood-group system could
explain the variable clinical presentation between patients suffering
from COVID-19.

3.9.2. The mechanism through which COVID-19 induces blood disorders
Studies on the characteristics of the mechanisms through which
SARS-CoV-2 infection can directly induce blood disorders are limited.
However, several studies have been conducted to show the impacts of
COVID-19 associated blood abnormalities (Lippi and Mattiuzzi, 2020;
Fan et al., 2020; Finelli and Parisi, 2020). Understanding these impacts
could be beneficial as it provides critical information to clinicians whilst
taking approaches regarding therapy, prognosis, and disease course.
Considering the high binding affinity of SARS-CoV-2 to tissues
expressing ACE2, it is also predicted that the activation and damage of
endothelial cells could occur, also possibly resulting in a disturbance of
the natural antithrombotic state (Magnus et al., 1980). It has also been
indicated that SARS-CoV-2 induced oxidative stress can aggravate DNA
methylation defect likely leading to further ACE2 demethylation, thus
enhancing the presence of the virus in the blood (Huertas et al., 2020).
The cytokine storm and inflammation associated with COVID-19 could
further result in the activation of coagulation (Fig. 4). This is addition-
ally triggered by the elevated levels of IL-6, D-dimer, increased C-reac-
tive protein, erythrocyte sedimentation rate, and elevated fibrinogen
that coexist with SARS-CoV-2 infection (Li et al., 2020b). In the time of
the infection spreading throughout the bloodstream, a significant
decrease in peripheral blood lymphocytes occurs, including both T and B
lymphocytes, which ultimately leads to increased inflammatory factors
(Li et al., 2020b). Also, it is found that patients showing a more serious
response to SARS-CoV-2 infection could have an even higher elevation
of D-dimer along with prolonged prothrombin time (PT) and gradual
decrease of fibrinogen (FBG) and platelet, especially as the disease
progresses (Li et al., 2020b). At this stage, inflammatory factors in pe-
ripheral blood continue to rise and patients hypercoagulable state may
appear abnormal, potentially leading to disseminated intravascular
coagulopathy (DIC) (Iba et al., 2019). To this day, the cause of elevation
of D-dimer levels in COVID-19 patients is uncertain as it has been
associated with many different conditions, yet infection-associated
inflammation remains to be the most probable cause (Lippi et al.,
2014). Research showed that the pronounced inflammatory response to
infection, elevated D-dimer levels and coagulation abnormalities could
be linked to increased mortality of COVID-19 patients after developing
DIC (Connors and Levy, 2020). DIC, characterized by the simultaneous
occurrence of widespread vascular clot deposition, eventually leads to
multiple organ failure and, in some cases, mortality (Levi and Scully,
2018). While knowing that D-dimer, sepsis physiology and microvas-
cular thrombosis in COVID-19 patients are all associated with mortality
(Connors and Levy, 2020), there does not exist enough research to
support the use of anticoagulation curative doses for these findings;
which calls for further research to help improve COVID-19 patient care.

3.9.3. Considerations for the management of blood disorders in COVID-19
patients

With the continuing spread of COVID-19, individuals with haemo-
globin disorders remain of the most vulnerable populations. To date,
adequate research is not available to verify the link between these dis-
orders and COVID-19; however, the haematology community continues
to effectively minimize the risk of patients facing new emerging threats
(Chowdhury and Anwar, 2020). Sickle cell disease patients, for example,
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are often treated with hydroxycarbamide (hydroxyurea), a cytotoxic
agent, having possible immunocompromising effects. Hence, SARS-CoV-
2 infection may prompt serious complications in patients with SCD
requiring an elevated need for intensive and cautious medical care
(Bundy et al., 2010). Hence, it has been advised that low doses of hy-
droxyurea are used to prevent primary and secondary stroke in children
with SCD receiving regular blood transfusion therapy (DeBaun, 2020).
The ability of hydroxyurea treatment to decrease acute vaso-occlusive
pain (VOS) and acute chest syndrome (ACS) events where regular
blood transfusion is absent makes it especially important for hydroxy-
urea to be present in areas with severe blood shortages (DeBaun, 2020).
In fact, De Luna et al. provided evidence that hydroxyurea and tocili-
zumab were successfully used as a treatment for an adult SCD patient
with ACS and COVID-19 induced pneumonia. Furthermore, high blood
viscosity in SCD patients may multiply the risk for venous thrombo-
embolic events; resources suggest that unless anticoagulation symptoms
are serious, SCD patients with severe COVID-19 should only be given
prophylactic doses of anticoagulants (Arun Shet et al., 2020). Moreover,
SCD patients hospitalized for COVID-19 or patients with chest X-ray
showing possible development of ACS should be monitored closely with
regular ACS guidelines followed to manage their cases, keeping in mind
the possibility of performing exchange transfusion therapy if the case is
severe (Arun Shet et al., 2020).

Thalassemia patients, unlike SCD patients, are not at a high risk of
lung infections; however, their chronic condition may be associated with
several comorbidities, including heart disease and diabetes, which
makes them more vulnerable to the virus (Huertas et al., 2020).
Although a recent cohort study reported that thalassemic patients did
not recognize increased COVID-19 severity, physicians, health-care
professionals, and caregivers are advised to handle thalassemic
COVID-19 with extra caution and to not disregard their possibility of
developing severe forms of COVID-19 through other complications
(Motta et al., 2020). Furthermore, many comorbidities in thalassemia
patients are related to iron overload where patients receive iron chela-
tion treatment. It has been advised that iron chelation treatment should
be interrupted in moderate to severe COVID-19 cases and there should
be ongoing communication between the treating physicians and the
haematologist (Maria Cappellini et al., 2020). On the other hand, for
COVID-19 patients with hematologic malignancies such as chronic
lymphocytic leukaemia, the American Health Services (AHS) recom-
mends the assessment of risk vs benefits of any treatment. Moreover,
given the higher risk of thromboembolic events (TE) with COVID-19, it
is suggested that TE symptoms are closely monitored. For patients with
COVID-19 associated coagulopathy (CAC) / DIC; platelet count, pro-
thrombin time (PT), activated partial thromboplastin time, D-dimer, and
fibrinogen are recommended to be monitored. In fact, an abnormal
elevation or drop of these levels, specifically, D-dimer levels, has been
linked to progressive severity of COVID-19 and mortality (Connors and
Levy, 2020). This requires more aggressive critical care and the
consideration of experimental therapies for COVID-19. While knowing
that these factors may result in a higher mortality rate, current data still
does not support the use of therapeutic doses of anticoagulants (Connors
and Levy, 2020). Adding on to the discovery that D-dimer could be used
to track the severity of infection and mortality, researchers have also
found that lymphopenia is an effective and reliable indicator of the
severity of the disease, inflammation, and hospitalization in COVID-19
patients (Chowdhury and Anwar, 2020).

As research involving the interaction between haemoglobin and
SARS-CoV-2 continues to grow, preventative measures and early iden-
tification of potentially fatal complications is necessary. For example,
initial detection and close monitoring of haemoglobin values in infected
patients could be an effective intervention in improving patient out-
comes and possibly reducing the overall mortality rates (Lippi and
Mattiuzzi, 2020). Subsequently, it is also important that clinicians
consider designing tailored treatment approaches for haematology pa-
tients with severe diseases and/or comorbidities as they might require
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more intensive and personalized care.
4. Conclusion

The rapid outbreak of the COVID-19 pandemic has caused a soaring
number of morbidity and mortality cases worldwide. With no cure or
vaccine still in hand, it continues to affect a significant portion of the
population. Because the disease is relatively new, many aspects of the
virus have not been extensively studied yet. From the cases that have
been reported; however, it was observed that patients with underlying
comorbidities were, in many cases, more liable to contracting the virus
and suffering from drastic outcomes. The recently reported data links
chronic illnesses like diabetes, cardiovascular disease, and obesity to a
higher susceptibility of COVID-19 (Team, 2020). Interestingly, different
regions reported conflicting results regarding the prevalence of chronic
respiratory diseases like asthma and COPD in COVID-19 patients. In
addition, patients with underlying diseases such as diabetes, hyperten-
sion, heart failure, COPD, CLL, and obesity were at a higher risk of
hospitalization and developing severe cases of COVID-19 (Yang et al.,
2020; Matsushita et al., 2020; Goyal et al., 2020; Algahtani et al., 2020;
Simonnet et al., 2020; Mato et al., 2020). Till now, it is not clear how
asthma, GI diseases such as IBD, and chronic kidney disease contribute
to the outcomes of COVID-19 patients, as there is a discrepancy in the
data reported (Morais-Almeida et al., 2020; Mohamed et al., 2020; Mao
et al., 2020). Although some studies attributed these diseases to COVID-
19 severity, there were also other studies that have reported cases of
mild disease in these groups of people. Hence, this review reveals that
there is still a gap in knowledge, which needs to be filled regarding the
real association between underlying comorbidities and COVID-19 pa-
tients. Understanding how certain comorbidities affect the outcome of
COVID-19 patients is crucial, as it will aid healthcare providers in
stratifying the high-risk groups and designing a tailored management
plan for them accordingly. Given the limited healthcare resources in
these difficult times, it is also essential to know which groups of patients
to prioritize when it comes to providing intensive care.

It is also important to consider the effect of chronic medications on
the disease course of COVID-19 to determine the optimum course of
action to be taken in the management of chronic conditions in the cur-
rent era. Concerns were raised earlier regarding the use of ACE in-
hibitors, ARBS, and corticosteroids due to their risk of increasing
patients’ susceptibility to the infection. But, the current evidence sug-
gests no serious risk associated with their use. Contrarily, these medi-
cations are currently under investigation for their potential beneficial
effects (Vaduganathan et al., 2020; Peters et al., 2020). It is also
important to consider the clinical state of the patient when adjusting the
treatment regimen. In severe cases of COVID-19, for example, where the
risk of acidosis is high, glucose-lowering agents like metformin and
SGLT-2 inhibitors should be withheld (Bornstein et al., 2020; Meyer
et al., 2018). Drug-drug interactions between chronic medications and
COVID-19 treatments are another important point to consider, as med-
ications like azithromycin could have severe consequences in patients
under anti-arrhythmic medications.

Lastly, we also discussed how SARS-CoV-2 could induce multi-organ
damage in COVID-19 patients, and even possibly cause long term con-
sequences to the survivors of the disease. In addition to pulmonary
injury, clinicians also reported pathological features associated with
coagulopathy, pancreatic injury, cardiac arrest and arrhythmias, AKI,
hepatic damage, and GI complications in COVID-19 patients. Further-
more, COVID-19 has been associated with autoimmune and/or auto-
inflammatory diseases, particularly in children. Whether these damages
on the patients’ organs are transient or lasting is still questionable, so
follow-up studies after patients’ recovery are needed to assess the long-
standing effects of the disease. Though not conclusive, many of the ev-
idence points to the abundance of ACE2 in these organs and the cytokine
storm as the main instigators of all the damaging effects of SARS-CoV-2.
Hence, we believe that by inhibiting viral entry via ACE2 by the
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administration of agents such as soluble ACE2, or through targeting the
cytokine storm by using agents like IL-6 and IL-1 inhibitors or cortico-
steroids, multi-organ damage and COVID-19 associated complications
could be prevented. Through results from ongoing clinical trials, a better
insight shall be provided about the value of these agents in ameliorating
COVID-19 severity.
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