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Introduction

The novel Coronavirus disease 2019 (COVID-19) pandemic started with few cases of
pneumonia of unknown origin in Wuhan, China. It has now become one of the signifi-
cant public health emergencies of all time. Within 5 months of its existence, it has led
to a significant impact on national and international policies. Apart from being a medi-
cal emergency, it is also affecting the global economy, and without proper measures, it
may have severely impact the socioeconomic statuses of individuals. It has profoundly
challenged the healthcare infrastructure, particularly in low- and middle-income
nations. Every nation is trying to safeguard its population and the health workers as
adequately as possible. While we still wait for the development of an absolute cure in
the form of a vaccine, preventive measures have taken the lead in reducing the disease
spread and breaking the chain of transmission. The knowledge gained from the clinical
characteristics of patients has suggested markers or comorbid conditions that may aid
in the risk assessment. This narrative review aims to provide an update on SARS-CoV-2,
the causative virus of COVID-19, its pathogenesis, the clinical and laboratory features,
and its association with several comorbid conditions that may influence the prognosis
of this disease.

city hinted at a new zoonosis or SARS outbreak. Further
investigations were carried out for identifying this new

Coronavirus disease 2019 (COVID-19) was declared as a
global health crisis by the World Health Organization (WHO)
on January 30, 2020. COVID-19 is not just a health crisis, as
it has stressed each country of the world by creating a social,
economic, and political crisis, which might leave deep scars
for decades. The first case was from the city of Wuhan, China,
in December 2019, with a provisional diagnosis of pneumonia
of unknown origin. Gradually, more cases with similar clinical
features were reported. The connection of these patients
to a seafood and wild animal wholesale market in Wuhan
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disease. On January 7, 2020, the causative virus was isolated
from a patient and its genome was sequenced. The virus, a
novel member of the coronavirus family, was later named
as severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) by the International Virus Classification Commission,
and the disease was termed COVID-19 by WHO on February
11, 2020.'* Before COVID-19, the other Coronavirus-
mediated outbreaks included severe acute respiratory
syndrome (SARS-CoV) and middle east respiratory syndrome
(MERS-CoV). The disease had a significant spread in various
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countries of the world due to the superspreading nature of
the infection, with the WHO declaring it as a global pandemic
on March 11, 2020. As of May 17, 2020, the world’s disease
burden has reached 47,37,926 with 18,23,320 recovery and
313,636 casualties, and USA, Russia, and Spain being the
most affected countries. In India, the total number of cases to
date is 91,314 with 2897 deaths.”

Since the last 5 months, numerous studies are being
conducted all over the world to gather information on
the clinical profile and laboratory features of the patients
suffering from COVID-19. The major reports, as of now,
have been based on the Chinese population. COVID-19 is a
highly contagious disease, mainly targeting the respiratory
system. The major cause of death is due to acute respira-
tory distress syndrome (ARDS), with multiorgan failure in
some cases. A major factor in determining the prognosis
of COVID-19 is the presence of comorbidities such as age,
metabolic diseases, cardiovascular diseases (CVDs), etc.®
The aim of this review was to present a comprehensive
account of the virus, its pathogenesis, and the clinical and
diagnostic features of the disease, besides highlighting the
various comorbidities that may affect the disease progres-
sion and prognosis.

Pathogenesis of COVID-19

COVID-19 is a SARS-CoV-2 virus outbreak. As of now, its
pathogenesis is not understood entirely. The data on cellular
responses of this virus is undefined, but eventual pathogen-
esis is based on past SARS-CoV studies. The clinical course
could be formulated by focusing on certain areas of the respi-
ratory tract which are involved.® The pathogenesis includes
genome structure, transmission mode, SARS-CoV-2 infec-
tion, and replication and pathogenesis of the Coronavirus.

Genome Structure

SARS-CoV-2 is an enveloped, pleomorphic, and spheri-
cal B-Coronavirus, of size ranging from 150 to 160 nm,
with single-stranded RNA and nonsegmented nucleo-
protein, capsid, matrix, and S-protein. The nucleocap-
sid, membrane glycoprotein, and spike glycoprotein are
essential viral proteins. The extra glycoprotein coding
for acetyl esterase and hemagglutination (HE) is dif-
ferent in other Coronaviruses.®’” The genome of SARS
CoV-2 is more like SARS-CoV than that of MERS CoV.
The COVID-19 amino acid sequence is different from
other Coronaviruses in the regions of the polyprotein,
surface glycoprotein, and S-protein. There are two sub-
units of S-protein: S1 and S2; S1 being directly linked
to the host receptor and S2 helping in infusion across
the host membrane, both simultaneously aiding virus
entry into the host cell. Studies revealed that angioten-
sin-converting enzyme 2 (ACE2) function as a receptor
for SARS CoV-2, as it was for SARS CoV.%?

Mode of Transmission

Bats are evidently the natural reservoir for a wide variety of
CoVs such as SARS-CoV and MERS-CoV. So, the SARS-CoV-2
genome was tested for BAT CoV RaTG13 and it showed 96.2%
identity, indicating that bats and SARS-CoV-2 may have the
same ancestor.!° The three primary modes of transmission are
droplets, contact, and aerosol transmission.'" Additionally,
ocular transmission, feco-oral transmission, and vertical
transmission are also reported.'? The transmission of SARS-
CoV-2 mainly occurs between family members, including
relatives and individuals who have closely interacted with
incubation carriers..

Replication and Pathogenesis of SARS-CoV-2

SARS-CoV-2 uses the same ACE2 receptor for the cellu-
lar entry as SARS-CoV. ACE2 receptors are present in the
lower respiratory tract. The S-glycoprotein virion on the
Coronavirus surface is bound to ACE2 receptors on cell sur-
faces.”® The binding affinity of S- glycoprotein and ACE2
receptor is 10 to 20 times that of SARS-CoV. The two sub-
units of S glycoprotein are S1 and S2. The virus-host spec-
trum and cellular tropism through the receptor binding
domain (RBD) are established by S1, while S2 supports he
virus-cell membrane to fuse through two tandem domains:
heptad repeats 1 (HR1) and heptad repeats 2 (HR2).
Coronavirus genomic RNA of around 30 000 nucleotides
encode structural proteins and nonstructural virus proteins
that are important for the synthesis of viral RNA (known
as replicase-transcriptase proteins). The replicase-tran-
scriptase proteins are determined by open reading frame
1a (ORF1a) and ORF1b, which are initially synthesized
as two large polyproteins, ppla and pplab. The polypro-
teins then split into 16 proteins during or after synthesis
via virus-coded proteinases, with papain-like (PLpro) and
chymotrypsin-like folds. ORFla codes for NSP1 to NSP11
and ORF1b codes for NSP12 to NSP16. In conjunction with
other viral proteins, and possibly even cellular proteins,
replicase-transcriptase proteins assemble into mem-
brane-bound replication-transcription complexes (RTCs).
These complexes assemble as double-membrane vesicles
in the perinuclear region. Eventually, virion-containing
vesicles (VCVs) combine with the plasma membrane of
the cell and release the virus. The virus then enters a new
cell and continues its cycle.'*! Replication of SARS-CoV-2
infection is explained in the ~Fig. 1.

Clinical Characteristics of COVID-19

Statistics of the Chinese CDC show that 51.4% of the total
infected patients are male and 86.6% lied in the age group
of 30 to 79 years. The median age is 51 years (2 days to
100 years).?® The symptoms of COVID-19 are manifested
after an incubation period of 5.2 days (1-14 days). The most
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Fig. 1 Replication of SARS-CoV-2 infection.

common clinical presentation seen is fever, followed by
cough, fatigue, shortness of breath, sore throat, and head-
ache.?” Other presentation includes sputum production,
hemoptysis, diarrhea, and dyspnea. Th elderly and those
patients with chronic illness rapidly develop acute ARDS,
septic shock, metabolic acidosis, and even death.??

Laboratory Findings and Diagnostic
Modalities

Presently, RT-PCR is the gold standard for diagnosis and
regulation of SARS-CoV-2 infections.?*?¢ RT-PCR is a nucleic
acid amplification test (NAAT), which identifies a specific
sequence of COVID-19 in the respiratory specimen. The
peak viral load is seen during most of the cases during the
initial onset of symptoms. This technique is expensive and
time-consuming. Thus, serological testing may be considered,
but it is still not approved by the Centre for Disease Control
and Prevention (CDC) or any other health organization, as it
detects infection in late-stage (> 7 days), and they may also
have cross-reactivity with other coronaviruses. Additionally,
SARS-CoV-2 infection is found to be associated with a dys-
regulation in blood investigations such as lymphocyte count,
ALP, albumin, lactate dehydrogenase (LDH), C-reactive pro-
tein (CRP), and neutrophil.?! Recently, increased level of
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D-dimer, CRP, prothrombin time, and procalcitonin (PCT)
were considered as markers for severity of disease.?? Apart
from blood and respiratory testing, radiological imaging is
also considered. The early detection of subtle changes is sug-
gested by CT.?’ The standard findings from chest CT include
ground glass opacities (GGOs) distributed peripherally with
patchy consolidations. Increased GGO numbers, width, and
density on chest CT is linked to the progression of the dis-
ease. A study by Quin et al stated that fluorodeoxyglucose
(FDG) uptake is increased in GGOs in COVID-19 patients.?®

Comorbidities of COVID-19

The clinical manifestation of the SARS CoV-2 infection has
shown a wide variation in patients residing in different
parts of the world. Comorbidities in addition to demo-
graphic differences and lifestyle changes are one of the
most important determining factors leading to different
manifestations of the disease.?*>' According to data from
the early months of 2020, this catastrophe is associated
with multiple severe comorbidities, with the most prev-
alent being old age, hypertension, diabetes mellitus (DM),
coronary heart diseases, obesity, and cerebrovascular dis-
ease. These comorbidities raise the risk of hospitalization
and death in COVID-19 patients dramatically. Similarly,
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the incidence of SARS and MERS was also increased in peo-
ple with DM. In the USA, 34.2 million people are afflicted
with DM, or 10.5 percent of the total population.?®*? Of
the population aged 65 years or older, 26.8% are afflicted
with DM and are at greater risk of death due to COVID-19.%°
Symptomatic persons with advanced age are more in need
of hospitalization. This proportion ranges from 17 to 27
percent in people over 60 years. Further, in the older popu-
lation, the proportion of hospitalized patients in intensive
care units (ICUs) was 27 to 71 percent. However, these fig-
ures are tentative and likely to change with the prevalence
of DM, hypertension, and severe obesity.*?

COVID-19 and Aging

Although people over the age of 65 years constitute 17%
of the total population in the USA, the CDC have estimated
that they make up 31% of COVID-19 infections, 45% of hos-
pitalization, 53% of admissions in ICUs, and 80% of deaths
caused by this infection. This means that elderly people
are more likely to get infected with COVID-19 and dis-
play more severe outcomes than the general population.*
The latest proposed mechanism for SARS-CoV-2 entry
in the cell is through angiotensin-converting enzyme-2
(ACE2) receptor, which is found in the lungs, heart, gas-
trointestinal systems, and kidneys. This particular action
mechanism may suggest that older adults have a greater
risk of infection. The report of the CDC says that 63.1% of
adults over 60 years have hypertension, 38% of individ-
uals over 65 years have chronic renal disease, and 26.8%
of adults over 65 years have diabetes.>* Most of the older
age patients use ACE inhibitors and angiotensin-receptor
blockers (ARBs), which upregulate the receptor of ACE2.
It is therefore believed that the severity and probabil-
ity of a severe course of infection with SARS-CoV-2 are
increased for elderly people with these comorbidities,
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Chronic Renal Disease

Cardiovascular diseases

namely, diabetes, hypertension, and chronic renal disease.
The common clinical presentations among 21 critically
ill patients with a mean age of 70 years were dyspnea
(76%), fever (52%), and cough (48%). The most significant
comorbidities included chronic renal disease in 48%, CVDs
in 43%, chronic obstructive pulmonary disease in 33%,
and DM in 33% of the patients (=Fig. 2).>* The death rate
of the SARS-CoV-2 pandemic has been quite high among
older adults. The total CFR (case fatality rate) of 17.3%
in January decreased to 7% in February, according to the
joint WHO-China fact-finding mission, but among older
adults (> 80 years), the CFR increased to 21.9%.2* A study
on 4,226 cases recorded CFR below 1% for patients under
54 years of age, but CFR of 3 to 11% for patients under
84 years of age and, finally, CFR of 10 to 27% for those over
85 years of age (=Fig. 3). About 80% of deaths occurred
among elderly patients older than 65 years and patients
with comorbidities.>**> Increased mortality was found to
be associated with diabetes among 84% of elderly patients
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Fig. 3 Case fatality rate among SARS-CoV-2 infection by age.
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Fig. 2 Comorbidities in 86% of total older population.
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above 60 years.*3¢ All these findings do suggest that old
age could be a predisposing factor for developing severe
SARS-CoV-2 infection.

COVID-19 and Diabetes

Almost 20 to 50% of patients afflicted with COVID-19 also
suffer from DM. If COVID-19 is an acute communicable dis-
ease, DM is its chronic, noncommunicable counterpart. Both
diseases can be viewed as global pandemics with different
characteristics and modes of transmission, leading to their
tremendous outbreaks.?” Diabetes is one of the most com-
mon and among the most dangerous metabolic diseases,
marked by chronic inflammatory conditions leading to met-
abolic and vascular abnormalities which, in turn, affect the
response toward a pathogen. Due to hyperglycemia and insu-
lin resistance, advanced glycation end products (AGEs) are
formed which, in turn, stimulate the synthesis of proinflam-
matory cytokines and oxidative markers, leading to tissue
inflammation.*® Besides, type 2 diabetes mellitus (T2DM) is
also associated with endothelial dysfunction, and enhanced
platelet aggregation and activation, due to the dysregulated
balance between coagulation and fibrinolysis; these abnor-
malities lead to hypertension and CVDs.** Additionally,
in diabetes, the immune response of the individual gets
impaired to such an extent that T cell functions get altered,
leading to changed cellular responses such as changes in
neutrophil chemotaxis, phagocytosis, intracellular killing of
microbes, and delayed cell-mediated immunity, eventually
leading to high amounts of inflammatory cytokine secretion,
which is also known as “cytokine storm.” These cytokines
and chemokines such as interleukin-6 (IL-6), tumor necro-
sis factor (TNF), CXC chemokine ligand 10 (CXCL10), and CC
chemokine ligand 2 (CCL2) act as some of the major drivers
of SARS-CoV-2 associated hyperinflammation and, in due
course, lead to multiorgan failure.* For a long time, diabetes
was considered as one of the leading causes of morbidity and
mortality throughout the world. Elderly people with T2DM
are often the most vulnerable group toward infections such
as influenza and pneumonia. A similar exacerbation was
caused by diabetes earlier during the outbreak of SARS-CoV
infection in 2002 and MERS in 2012, which affected more
than 800 people in Asia and 2000 in Saudi Arabia, respec-
tively.*** Considering the alarming rate of COVID-19 trans-
mission, the association between SARS-CoV-2 and diabetes
appears quite strong. The mortality rate of 16% was observed
in diabetic patients afflicted with COVID-19 when compared
with nondiabetics.* In the United States, among individu-
als of age 65 years or above, 26.8% were afflicted with DM,
which marked a highly vulnerable group with respect to the
COVID-19 toll.*® In a report from Wuhan, China, among 41
COVID-19 patients, 32% were suffering from other comorbid
conditions, with 20% suffering from diabetes. Similar findings
were reported from different parts of the world, highlighting
the underlying role of these disorders as predisposing fac-
tors for COVID-19. Diabetes is also associated with increased
susceptibility in individuals toward infectious diseases such

Annals of the National Academy of Medical Sciences (India) Vol. 56 No. 2/2020

as Staphylococcus aureus and Mycobacterium tuberculosis,
probably due to dysregulated immune responses in them.*-4

It is observed that among the diabetic patients, 29.2%
had to increase their insulin dosage, while 37.5 switched to
insulin therapy from oral medicine after admission, stress-
ing upon the deteriorating glycemic status after contracting
COVID-19.% The major link bridging the two abnormalities
is the receptor protein. ACE2 on the cell surface of the liver,
endocrine pancreas, kidney, brain, and heart acts as a recep-
tor for the entry of SARS CoV-2. ACE2 regulates the synthesis
and secretion of insulin hormone.* Once the virus infects the
human body, it tries to get entry into the target cell through
receptor-ligand complex formation. As soon as it identifies
its complementary receptors ACE2, it binds to it via spike pro-
tein and gets into the cell.* The virus targets the endocrine
pathway, thus modulating its crucial roles such as regulation
of blood pressure, metabolism, and inflammation because of
infection.*® ACE is an important enzyme of the renin-angio-
tensin system (RAS) which converts angiotensin I to angio-
tensin II. Angiotensin II acts as a powerful vasoconstrictor,
leading to increased blood pressure, triggering oxidative
stress, as well as causing a rise in reactive oxygen species
(ROS). Insulin resistance, endothelial dysfunction, and pro-
teinuria are also some of the outcomes of elevated levels of
angiotensin II. ACE II uses angiotensin II as a substrate to form
angiotensin 1-7, which acts as a potent vasodilator and low-
ers glucose and oxidative stress. Diabetic patients use ACEI
and ARB drugs due to their renoprotective effects. Inhibition
of ACE activity prevents the formation of angiotensin II from
angiotensin but instead converts it to angiotensin 1-9 which,
in turn, is further converted to angiotensin 1-7 by ACE2.
Additionally, angiotensin Il formed is prevented from bind-
ing to its receptor, which gets converted to angiotensin 1-7
as well. Thus, leading to balanced glucose levels and blood
pressure.®® Hence, acute hyperglycemia causes upregulation
of ACE2 which, in turn, facilitates the entry of the virus, and
thus acts as a promotor of infection (=Fig. 4).*° It is analyzed
that the combination of diabetes and COVID-19 has wors-
ened the damage caused by both the diseases, but it is not
clear whether pre-existing diabetes leads to worsening of
COVID-19 symptoms or if it is the SARS CoV-2 effect which
leads to progression to diabetes. The complication has arisen
since the expression of ACE2 modulates  cells functions and
thus insulin secretion dysregulation.

Although there is no verification of the fact, it does point to
a complicated relationship between the two severities.*51-53
Thus, it may be suggested that DM may be an underly-
ing factor for the rapid progression and worst prognosis of
COVID-19.

COVID-19 and Hypertension

Hypertension is found in a great number of patients afflicted
with severe COVID-19. The prevalence of hypertension
reported in the study of 44,672 patients by China CDC was
12.8% in the overall patient community and in 39.7% in those
who died.> In patients with COVID-19, hypertension was



Association of Comorbidities with Coronavirus Disease 2019

SARS-CoV-2

Abhilasha et al.

Angiotensinogen

l RENIN

Angiotensinogen | ACEI
Angiotensin Converting
enzyme (ACE) l‘
Angiotensinogen Il ARBs

e

" ACE2receptor

Downregulation
of ACE2 Receptor

Angiotensin II

l receptor

Tissue Damage
ARDS

Oxidative Stress
Vasoconstriction

Fig. 4 Pathogenesis of SARS-CoV-2 infection and RAAS in diabetes mellitus and hypertension. RAAS, renin-angiotensin-aldosterone system.

reported to increase the death odds ratio (OR) by 3.05 (95%
CI 1.57-5.92).3 The high-prevalence of hypertension in old
age may be a big concern, since aged people have poorer out-
comes and a higher mortality rate compared with younger
patients. According to the European Society of Hypertension,
the mechanism of hypertension and severity of COVID-19
might be related to the role of the ACE2 receptor.>> ACE2 is
an essential component of the renin-angiotensin-aldoste-
rone system (RAAS), which participates in the pathogenesis
of hypertension.>® ACE inhibitors and angiotensin II receptor
blockers drugs inhibit RAAS which increases ACE2 levels
(=Fig. 1).>” Therefore, the institution proposes that these
drugs may be harmful to SARS-CoV-2 infection.>® The alter-
native mechanism connecting hypertension and COVID-19 is
the immune system, and it is dysregulated in hypertension
and SARS-CoV-2 infection.>® Circulating lymphocyte counts
and CD8+ T cell dysfunction are observed among patients
with hypertension.®® These CD8+ T cells are incapable of
effectively fighting against viral infections and aid pathologi-
cal cytokine overproduction, which might suggest a potential
connection to COVID-19.

COVID-19 and Neurological Complications

The overall incidence of neurological complications from
COVID-19 remains unclear. The neurological symptoms are
mostly present in patients with severe COVID-19 compared
with mild forms.5? Genome sequencing analysis revealed the
presence of SARS-CoV-2 in cerebrospinal fluid (CSF) during
infection, thereby suggesting neurological complications.?
There are several suggested mechanisms for the associa-
tion of COVID-19 and neurological diseases. The nervous
system may be involved in SARS-CoV-2 directly via hema-
togenous and neuronal pathways.%® The neuronal invasion
of SARS-CoV-2 may be associated with the expression of
the ACE2 receptor in the central nervous system (CNS). The
ACE2 receptor is present in the capillary endothelial cells

whereby the virus enters the endothelium and spreads to
the neurons.’* Additionally, hypoxia and immune dysreg-
ulation predispose neurological involvement. SARS-CoV-2
replicates in lung alveolar cells and triggers alveolar and
interstitial inflammatory exudate, leading to the formation
of the membrane and subsequently, gas exchange in alveoli
is severely compromised.®® Hypoxia, in turn, causes anaerobic
metabolism, interstitial edema, ischemia, and vasodilatation
in CNS. Thus, syncope, an anoxic crisis, and stroke may be
present. Also, SARS-CoV-2 infects macrophages, astroglia,
and microglia. The disease severity and mortality are associ-
ated with cytokine storm and multiorgan failure in COVID-19
patients. An in vitro study demonstrated secretion of proin-
flammatory cytokines IL-6, IL-12, IL-15, and TNF-a from
the glial cells when infected with SARS-CoV-2.56¢7 The likely
neurological complications include encephalitis, Guillain-
Barré syndrome, postencephalitic Parkinsonism, transient
ischemic attack, stroke, necrotizing encephalomyelitis, and
post-COVID-19 chronic fatigue syndrome.% In a study of 214
COVID-19 patients with ARDS showed 36.4% of patients had
neurological symptoms like dizziness, headache, hypogeusia,
hyposmia, and change in the state of consciousness.®

COVID-19 and Coagulation Abnormality

The severe form of COVID-19 may result in sepsis-induced
coagulopathy (SIC), and in uncontrolled stages, it may
advance to disseminated intravascular coagulation (DIC).°
DIC is a serious complication of septicemia, cancer, pneu-
monia, and many other diseases.”® DIC is clinically diag-
nosed with a progressive decline in organ functions, which
increases the development of intravascular thrombin,
leading to endothelial leakage and developing secondary
parenchymal bleeding.”® The immune and toxic activation
of intravascular and platelet-released thrombin may con-
tribute to the development of venous thromboembolism in
COVID-19 patients.” The diagnosis of DIC is suggested by
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the worsening of laboratory parameters. Prothrombin time
(PT) and activated partial thromboplastin time (APTT) are
the most common established parameters in COVID-19
patients. Thrombin-antithrombin complex, fibrin-degra-
dation products, and D-dimers increase in the late stages
of the disease, which is linked to the fatal outcome.”?
Additionally, platelet counts are increased in the initial
stage and decrease in the late stages of the disease.” DIC is
observed with a median time of 4 days, following the onset
of interstitial pneumonia in 71% of non-survivors and 0.6%
survivors.” The D-dimer levels are three times higher in
severe disease compared with mild COVID-19. The mor-
tality rate increases three-times if the value of D-dimer is
above 3 ng/mL.”> CT angiography revealed that COVID-19
patients with PE (pulmonary embolism) have higher lev-
els of D-dimer than those without PE. The sensitivity and
specificity of D-dimer are 100% and 67%, respectively, for
the PE on CT angiography.’® The current strategies of treat-
ment for DIC and venous thromboembolism involve the use
of unfractionated heparin (UFH) or low-molecular weight
heparin (LMWH), which reduces the risk of mortality.””’®
Other strategies available should also be considered, such
as the administration of IgG in combination with LMWH,
and use of tissue plasminogen activator (tPA).”s-8!

COVID-19 and Rheumatoid Arthritis

The association of rheumatoid arthritis (RA) and viral
respiratory infection is very complex. Few studies
reported a possible role of respiratory infection in RA.8*
84 Additionally, infections are a significant problem in
patients with inflammatory arthritis, as they can lead to
disease flares.®3# RA patients are predisposed to respira-
tory infection compared with a healthy population. Doran
et al reported that RA patients had a significantly higher
risk of developing a severe form of respiratory disease
compared with patients without RA.%> Another study on
2108 patients with RA also reported that RA patients had
1- to 4-fold high risk of severe disease compared with
healthy population.®® This can be linked to impairment of
the immune system, as RA is an autoimmune disorder and
involves the immune system. Moreover, the management
of RA includes synthetic and biological disease-modifying
drugs which have the potency to increase the severity of
the disease, but poor control of RA has a worse effect on
COVID-19. So, it is advised to continue treatment for RA.%’
Recently, hydroxychloroquine was found to reduce the
severity of COVID-19, which is used for the treatment of
RA; also, the use of IL-6 inhibitors like Tocilizumab was
found to be beneficial in reducing the severity of COVID-
19, but their use is still controversial in nature.3®

COVID-19 and Hypovitaminosis

The individual's nutritional status has an impact on
SARS-CoV-2 risk, the course of the treatment, and COVID-19
outcomes. Hence, macro- and micronutrient maintenance is
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an essential preventive measure for COVID-19. Many micro-
nutrients are essential for improving immunity, mainly vita-
min A, C, D, E, selenium, iron, and zinc.®*

Vitamin D

Vitamin D plays an important role in the prevention of acute
respiratory tract infections.”® Vitamin D supplementation
should be started before respiratory tract infection begins.
Although the underlying causes of vitamin D deficiency
and the emergence of viral diseases are not clear, the pos-
sible mechanisms involve the antiviral immune stimulation,
the variation of the immune defense, initiation of autoph-
agy and apoptosis, and regulation of genetic or epigenetic
mechanisms.®' Additionally, Vitamin D can lower the risk of
viral infections. The associated mechanisms can be defensins
and cathelicidins stimulation, which decreases the replica-
tion of the virus, increase the levels of anti-inflammatory
cytokines, and decreases proinflammatory cytokines levels.*
The incidence of vitamin D deficiency is high in old age.*® The
first outbreak of COVID-19 was during the winters with a
high-mortality rate among the elderly, which can be linked
to Vitamin D deficiency, as sunlight is the natural source of
this vitamin.** Still, for people at risk of COVID-19, vitamin D
supplementation can be given in the dose of 10,000 IU/d of
vitamin D3 for a couple of weeks to quickly raise the concen-
tration of 25(0OH)D, followed by 5000 [U/d.%2%

Vitamin C

Several studies have reported the role of vitamin C in pneu-
monia. However, evidence of supplementation of vitamin C
in the prevention and treatment of acute respiratory tract
infection is unclear. Few studies have reported that the
administration of vitamin C before and after the respiratory
symptoms can be beneficial to vitamin C-deficient individu-
als compared with healthy individuals.®® Based on previous
studies, it is revealed that the routine supplementation of
vitamin C can reduce the duration and severity of respiratory
symptoms without any adverse effects.”” Thus, the supple-
mentation of vitamin C needs to be considered as a rational
option to strengthen immunity in vitamin C-deficient indi-
viduals at risk of COVID-19.

Treatment of COVID-19

There is currently no clear and effective COVID-19 anti-
viral therapy. Although most COVID-19 patients have
mild-to-moderate courses, up to 5 to 10% may have severe
life threats, and hence there is an urgent need for specific
medicines to treat the disease. The main aspect of treatment
is personalized supportive care, and patients who develop
ARDS require oxygen supplementation and even ventila-
tion. Many clinical trials are under process, assuring the
availability of potential vaccine and treatment for COVID-19
soon. Chloroquine, hydroxychloroquine, lopinavir/ritonavir,
favipiravir, and remdesivir are the most widely used drugs
worldwide.®®* Recently, nitazoxanide and ivermectin have
been documented for SARS-CoV-2 activity in vitro. Also,
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some studies have indicated the successful use of convales-
cent plasma therapy in severe COVID-19 patients with an
increase in prognosis.’®1°! All the necessary steps to mon-
itor the emerging COVID-19 pandemic shall be enforced
if the infection becomes uncontrollable. Since there is no
specific treatment available to date, prevention is crucial.
Isolation is recommended for suspected and confirmed
cases. WHO has advised to follow social distancing, observe
hand hygiene, and wear proper masks.

Conclusion

The COVID-19 pandemic, which originated from Wuhan,
China, has shaken the entire globe. Although most of the
patients present with mild symptoms, the spread of the
infection is quite rapid. This has become a critical social
health threat of this era. Since there is no treatment or vac-
cine available to date, the only option left is prevention. In
India, a major lockdown was implemented from March 24,
2020 to contain the spread of the virus and break the chain
of transmission. Despite taking all the necessary steps to con-
tain the spread of COVID-19, the number of cases is still on
the rise, majorly due to lack of awareness. The older popula-
tion and individuals with chronic illness need to take extra
precautions, as the mortality rate is higher among them.
Although the search for a vaccine or an effective cure is still
on, until then, social distancing and hand hygiene remain the
best preventive measures against the fight with SARS-CoV-2.
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