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ABSTRACT

storm, ARDS, Pneumonitis.

COVID-19 has led to more than 3.39 million confirmed cases accross the country and is known to be caused by a
highly pathogenic strain of human corona virus (HCoV) - SARS-CoV-2 (Severe Acute Respiratory Syndrome
Corona Virus 2). The pandemic began in December 2019, when a cluster of 41 cases with severe pneumonia of
unknown origin emerged from Wuhan, China. Extensive research and scientific response has helped to fight the
pandemic by availing more information about the disease. The surface of the virus displays prominent club shaped
projections, composed of its spike protein, under the electron microscope; which imparts the virus its
pathogenicity. virus being a potent inducer of inflammatory cytokines; activates immune cells thereby resulting in
profound cytokine storm and ARDS. Knowledge of incubation period, basic reproduction number, pathogenesis,
viral structure and viral life cycle will help to provide better treatment to those infected.
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INTRODUCTION

The world is currently facing one of the deadliest
pandemics resulting from an outbreak of coronavirus
disease which has led to 3.39 million confirmed cases
accross the country, as of 28" August, 2020.™ On 30"
January 2020, India's first confirmed case of the
coronavirus infection was reported in the state of Kerala.
The affected person had travel history from Wuhan,
China; where the disease is said to have emerged from.
COVID-19 (coronavirus disease 2019) is known to be
caused by SARS-CoV-2 (Severe Acute Respiratory
Syndrome Corona Virus 2); a highly pathogenic strain of
human corona virus (HCoV) which is known to cause
zoonotic diseases.”? The Director-General of World
Health Organization (WHO); Dr. Tedros Adhanom
Ghebreyesus, named the disease caused by SARS-CoV-2
as COVID-19.°' COVID-19 manifests in the form of
severe respiratory tract infections in humans and on 30"
January 2020, was declared to be a Public Health
Emergency of International Concern (PHEIC).F! The
world has witnessed previous outbreaks of coronavirus
(CoV) which were caused by SARS-CoV and MERS-
CoV (Middle East Respiratory Syndrome-CoV) in 2002-
2003 and September 2012 respectively.®) A swift
scientific response has helped to fight the pandemic by
availing more information about the disease. Through

this article, we aim to bring together the knowledge of
the disease, its clinical features and pathogenesis.

Natural history

In December 2019, a cluster of 41 cases with severe
pneumonia of unknown origin emerged from Wuhan,
Hubei province in China. These cases were
epidemiologically related to a seafood and wet animal
market in Wuhan. Clinical features of these patients were
described, based on the data prospectively obtained by
Huang et al. All 41 patients had pneumonia with
abnormal findings on chest CT. 27 (66%) of 41 patients
had been exposed to Huanan seafood market. Lower
respiratory tract samples were obtained including
bronchoalveolar-lavage fluid from these patients and
subjected to rigorous sequencing and analysis. Based on
the results, 2019-nCoV was implicated in the Wuhan
outbreak. The 2019-nCoV antigen was identified in the
lung tissue of patients by immunohistochemical analysis,
IgM and 1gG antiviral antibodies were detected in the
serum samples from patients to demonstrate
seroconversion, and animal (monkey) experiments
revealed pathogenicity of 2019-nCoV (later named
COVID-19). There was conclusive evidence of COVID-
19 infection in these patients by January 2, 2020.157
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Consequently, on 1% January, the Huanan wet seafood
market was closed with the view of implementing
necessary public health measures to prevent further
spread of the virus within China and elsewhere."!

Chen et al reported that of 99 patients with SARS-CoV-2
pneumonia, 50 (51%) patients had chronic diseases. The
conditions of 17 [17%)] patients evolved into acute
respiratory distress syndrome. It was observed that
elderly men with other underlying diseases often have a
higher fatality rate when infected with SARS-CoV-2
than that of elderly women or younger and healthier
patients.”

Li et al conducted a study on 425 confirmed cases of
COVID19 between January 1 and January 22, 2020.
More than half of the cases (55%) with onset before
January 1, 2020, were linked to the Huanan Seafood
Wholesale Market,with clinical features in accordance
with Huang et al. The mean incubation period was 5.2
days (95% confidence interval [CI], 4.1 to 7.0?, with the
95th percentile of the distribution at 12.5 days.!

The findings of these studies were confirmed by two
subsequent studies conducted by Song et al™ and Chen
et al™ in 2020. These studies together indicated that
fever, cough and dyspnea were the chief clinical findings
of the disease along with fatigue, myalgia, sputum
production, headache and hemoptysis. A small fraction
of the cases also present with gastrointestinal symptoms.

Epidemology

Incubation Period (IP): Incubation period denotes the
time period between exposure to the virus and symptom
onset. The range of this period is important as it may
influence the monitoring, surveillance, control and other
public health activities for infectious diseases.' In the
current scenario, the role of IP is crucial to determine the
effectiveness of screening, transmission potential,
suitable duration for quarantine, contact tracing and for
estimating the size of epidemic. Backer JA et al'**
estimated the mean incubation period of 2019-nCoV
using the travel history and symptom onset data of 88
confirmed cases of COVID-19. The estimated mean
incubation period was 6.4 days (95% confidence interval
(Cl) = 5.6 — 7.7 days) ranging from 2.1 to 11.1 days
(2.5M to 97.5" percentile).™™

According to Linton et al, the mean IP was estimated at
5.0 days (95% CI: 4.2 - 6.0) when excluding Wuhan
residents (n=52) and 5.6 days (95% CI: 5.0 - 6.3) when
including Wuhan residents (n=158)."° Li Q et al, in
agreement with the above data; estimated the mean IP to
be 5.2 days (95% CI = 4.1 to 7.0), with the 95th
percentile of the distribution at 12.5 days.!

According to the situation report published by WHO in
April, 2020; the IP for COVID19 is 5-6 days on an
average and may extend up to 14 days. It can also last
longer than 2 weeks and a very long IP could be

suggestive of double exposure. Subsequently, Lauer SA
et al estimated the length of IP to determine its public
health implications. The median IP was estimated to be
5.1 days (95% CI = 4.5 to 5.8 days). Also, among those
infected, 97.5% will develop symptoms within 11.5 days
(CI = 8.2 to 15.6 days).™! A familial cluster of 5 patients
was observed by Bai et al where an IP of 19 days was
reported for one person.'” These estimates of the
incubation period of SARS CoV-2 are also in accordance
with those of other known human coronaviruses,
including SARS (mean = 5 days; range - 2 to 14 days),
MERS (mean = 5 to 7 days; range = 2 to 14 days), and
non-SARS human coronavirus (mean = 3 days; range = 2
to 5 days).'! A rapid systematic review and meta-
analysis of estimates of IP from observational research
was conducted by McAloon C et al. The collective
parameters estimated (95% ClIs) the median IP of 5.1
(95% CI = 4.5 to 5.8) days, whereas the 95th percentile
was 11.7 (95% CI = 9.7 to 14.2) days.!*®

Table | — Summary of Mean IP reported by various
authors.

Backer JA et aI||!| 6.4 Days

WHOP! 5-6 Days
SARS-COV-2 I ler SA et al™ 5.1 days

McAloon C et al™ 5.1 Days
SARS-CoV | Lauer SA et al™ 5 Days
MERS-CoV | Lauer SA et al™™ 5-7 Days
Basic reproduction number (Rg): The basic

reproduction number (R,) is also called the basic
reproduction ratio or rate or the basic reproductive rate.
The concept of Ry has been adopted from the field of
demography, where this metric was first used to count
offspring. When used by epidemiologists, it serves as a
fundamental metric used to describe the contagiousness
or transmissibility of infectious agents and the dynamics
of the infectious disease. The magnitude of R, aids in
predicting the potential size of an outbreak or epidemic
and can also be used to estimate the proportion of the
population that must be vaccinated to eliminate an
infection from that population. Dietz defines RO as “the
number of secondary cases one case would produce in a
completely susceptible population”; whereas Diekmann
and colleagues have described it as “the expected

1
number of secondary cases”.[*]

According to WHO, the range of RO is estimated to be
1.4 — 25 for COVID-19.” jonathan Read and
colleagues from Lancaster University determined the R,
to be around 3.11 (95%Cl = 2.39 — 4.13) using a
deterministic ~ Susceptible-Exposed-Infected-Recovered
(SEIR)  metapopulation  transmission  model  of
infection.” According to Zhou T et al, Ry ranges
between 2.8 and 3.9 when including the number of
infected cases from international colleagues in the
prediction.”? In the preliminary investigation of early
phase data; Zhao S et al estimated the mean R, to be in
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the range of 2.24 (95%CI = 1.96-2.55) to 3.58 (95%CI =
2.89-4.39).[%! Lj and colleagues analyzed the data from
425 confirm cases and found the value of RO to be 2.2
but the model was not specified.™ A review published
by Liu Y et al, found the estimated mean RO for COVID-
19 to be around 3.28, with a median of 2.79 which is
considerably higher than the WHO estimate.?”

The Ry of SARS was 2 and that for pandemic flu HIN1
2009 was 1.3 according to Singhal ; and according to Liu
Y et al, the Ry for SARS was in the range of 2-5, which
is expected owing to the similarity of pathogen. %! The
above data interprets as likelihood of epidemic spread.
For Rg>1, the number infected is likely to increase and
for Ro<1, transmission is likely to fade out.*” Based on
this information it is apparent that an outbreak of
COVID-19 was predicted.

Table Il - Summary of R, values as reported by
various authors.

WHO 14-25
Read JMPY 311
Zhou T et al™™ 28-39
SARS-COV=2 [7ha0 S et al™ 2.24-3.58
Li Q et al™™ 2.2
Liu Y et al™®T 3.28
Liu Y et al™T 2-5
SARS Singha|[25] 2
HIN1 Singhal™ 13

Phylogenetic analysis

Coronavirus (CoV): Coronaviruses were first identified
in the mid-1960s and are the largest known RNA viruses
with a diameter of 50-200nm approximately.?® They
belong to the coronaviridae family of Nidovirales order
and are single-stranded, positive-strand RNA viruses.?
They derive their name from the crown-like spikes on
their surface. There are six other members of the
coronavirus family that are known to infect humans
namely; 229E, NL63, 0OC43, HKU1l, MERS-CoV,
SARS-CoV and SARS-CoV-2 being the seventh. Of
these, 229E, NL63, OC43 and HKU1 are known to
commonly infect upper respiratory tracts of people
around the world and they are classified as mildly
pathogenic HCoVs.??! The MERS-CoV, SARS-CoV
and SARS-CoV-2 infect the lower respiratory tracts and
are classified as highly pathogenic HCoVs.?

CoVs have been classified into four categories by The
International Committee on Taxonomy of Viruses
(ICTV): a, B, vy, and 8. The SARS-CoV-2 is a beta CoV
and is postulated to have mutated from bat
coronaviruses. Through genetic sequencing of the
COVID-19, more than 80% identity to SARS-CoV and
50% to the MERS CoV was found; and phylogenetic
analysis revealed that both SARS-CoV and MERS-CoV
originate in bats.”! A high degree of homology has been
reported of the ACE2 receptor from a diversity of animal
species indicating bats to be the intermediate host. The

single intact open reading frame on gene 8 further
affirms the assumption of bat-origins.”! Also, a high
level of genetic similarity (96.3%) is shared between
SARS-CoV-2 and the bat coronavirus RaTG13, which
was obtained from bats in Yunnan in 2013.%2

Viral structure and genome

The surface of the virus displays prominent club shaped
projections, composed of its spike protein, under the
electron microscope. The viral genome consisting of
26,000 to 32,000 bases is wrapped in the nucleocapsid
and located inside the virus particle. The positive strand
viral RNA consists of a cap structure at 5’ end and
multiple poly(A) tails at the 3° end. This permits the
translation of replicase/transcriptase and viral proteins
thereby serving as the messenger RNA (mRNA).

Approximately 2/3rd of the 5’-end RNA sequence is
occupied by replicase/transcriptase genes. It is composed
of 2 open reading frames (ORFs): ORFla and ORF1b.
About 16 nonstructural proteins are encoded by the
ORFs. Remaining 1/3rd RNA sequence encodes for the
four classical viral structural proteins: spike (S) protein,
envelope (E) protein, membrane (M) protein and
nucleocapsid (N) protein. Among these, the envelope
plays a crucial role in pathogenicity of the virus.?

Pathogenesis

Research  indicates that SARS-CoV-2  utilizes
angiotensin-converting enzyme 2 (ACE2) as a receptor
to enter human cells."#2%%31 ACE2 converts Ang Il to
Ang | and is expressed by several tissues like renal,
cardiovascular and gastrointestinal; in addition to lung
alveolar epithelial cells, enterocytes of the small
intestine, arterial and wvenous endothelial cells and
arterial smooth muscle cells.® Therefore these organs
are potential sites of viral replication. The common
transmission routes of novel coronavirus include direct
transmission (cough, sneeze, and droplet inhalation
transmission) and contact transmission (contact with
oral, nasal and eye mucous membranes.*¥! Once gaining
entry, the virus begins its replication cycle.

Viral Life cycle: The primary determinant for a
coronavirus to infect a host species is the S-protein—
receptor interaction. Interactions between the S protein
and its receptor initiate the initial attachment of the
virion to the host cell.®**! Depending on the virus, the
sites of receptor binding domains (RBD) vary within the
S1 region of a coronavirus S protein; some having the
RBD at the N-terminus of S1 (murine hepatitis virus,
MHV), while others (SARS-CoV) having the RBD at the
C-terminus of S1. SARS-CoV and HCoV-NL63 utilize
angiotensin converting enzyme as their cellular
receptor.% 371

Following receptor binding, the virus needs access to the
cytosol of the host cell. Generally, this is accomplished
by proteolytic cleavage of S protein in an acid dependent
manner by a cathepsin, transmembrane protease serine
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S2 receptor (TMPRSS2) or another protease (like furin)
and subsequently, fusion of the viral and cellular
membranes occurs. The pH dependent fusion of viral and
cellular membranes allows the release of viral genome
into the cytoplasm.¥

The next step is translation of the replicase gene from the
virion genomic RNA. A frameshift between the two
ORFs guides the production of ppla and pplab
polypeptides. The precise reason behind the use of

- SARSCoV2

Binding and
fpena

Image 1

RNA synthesis occurs as a result of assembling of the
nsps into the replicase—transcriptase complex (RTC)
followed by RNA replication and transcription of the
sub-genomic RNAs.*! A series of subgenomic mRNAs
formed by discontinuous transcription are translated into
relevant viral structural proteins, S, E, and M; following
which they are inserted into the endoplasmic reticulum
(ER). These proteins move along the secretory pathway
into the endoplasmic reticulum-Golgi intermediate
compartment (ERGIC). There, viral genomes are
encapsidated by N protein and assembled into
membranes of the ERGIC containing viral structural
proteins, forming mature virions.***)  Following
assembly, virions are transported to the cell surface in
vesicles and released by exocytosis.® These events have
been summarized in Image 1.4 As the viral titers
increase, innate immunity responds with antiviral
mechanisms.?

frame-shifting to control protein expression is unknown,
but it is postulated that: (a) either it helps to control the
precise ratio of replb and repla proteins or (b) To delay
the production of replb products until a suitable
environment for RNA replication is created, 4 4

Polyproteins are processed by proteases to yield 16
nonstructural proteins (nsps). Coronaviruses express only
one protease - the papain-like proteases (PLpro). The
cleavage of the nsps are attributed to the PLpros.[*> +*!

o9, ki 114, ant L1, anttumor
nectons oo (1F)dugs

Immunopathogenesis: The SARS-CoV-2 virus is a
potent inducer of inflammatory cytokines (Image 2).1*"!
The virus activates immune cells and induces the
production of IFN-I or IFN-a/8. IFN-I is the principal
natural immune defense response in the early stages of
viral infection. In mice, the rapid replication of SARS-
CoV induces the delayed release of IFNs, which is
accompanied by the influx of many pathogenic
inflammatory ~ mononuclear  macrophages  which
interferes with the body’s antiviral response.[48’ “I Owing
to the activating signals received by the IFN receptors on
the surface, the accumulated mononuclear macrophages
produce more monocyte chemo-attractants (such as
CCL2, CCL7, and CCL12); causing further
accumulation of mononuclear macrophages. These
macrophages produce elevated levels of proinflammatory
cytokines (TNF, IL-6, IL1- B, and inducible nitric oxide
synthase), thereby increasing the severity of the
disease.>”
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High levels of expression of IL-1B, IFN-y, IP-10, and
monocyte chemo-attractant protein 1 (MCP-1) have been
detected in patients with COVID-19. These
inflammatory cytokines may activate the T-helper type 1
(Th2) cell response; which signifies activation of specific
immunity./">" These patients also have elevated levels of
Th2 cell-secreted cytokines (such as IL-4 and IL-10),
which inhibit the inflammatory response. Serum levels of
IL-2R and IL-6 in patients with COVID-19 are positively
correlated with the severity of the disease (i.e., critically
ill patients>severely ill patients>ordinary patients).!**!

The pro-inflammatory cytokines induce T cell apoptosis,
which further prevents viral clearance.” The rapid viral
replication and vigorous pro-inflammatory
cytokine/chemokine response induces apoptosis in lung
epithelial and endothelial cells. Alternatively, IFNs
induce  inflammatory  cell infiltration  through
mechanisms involving Fas—Fas ligand (FasL) or TRAIL-
death receptor 5 (DR5) and cause the apoptosis of airway
and alveolar epithelial cells.

Apoptosis damages the pulmonary microvascular and
alveolar epithelial cell barriers and causes vascular

Immunologic

changes COVID-19

leakage and alveolar edema, eventually leading to
hypoxia, resulting in ARDS.B?*% |t is now known that
several proinflammatory cytokines (IL-6, IL-8, IL-1 &,
granulocyte-macrophage colony-stimulating factor, and
reactive oxygen species) and chemokines (such as CCL2,
CCL-5, IFN-induced protein 10 (IP-10), and CCL3) all
contribute to the occurrence of acute respiratory distress
syndrome (ARDS).* %-%7]

In COVID-19, the inflammatory cytokine storm is
closely related to the development and progression of
ARDS. The serum levels of cytokines are significantly
increased in patients with ARDS, and the degree of
increase is positively correlated with mortality rate.®
The cytokine storm is also an important factor in
determining the clinical course of extra-pulmonary
multi-organ failure. This partially explains the signs of
extra-pulmonary organ failure (such as elevated liver
enzymes and creatinine) seen in some COVID-19
patients without respiratory failure, suggesting that the
damage to extra-pulmonary tissues and organs is caused
by the cytokine cascade.”® The immunologic changes
are summarized in Image 3.")

Image 3

T-cell responses

CD8* T cells

Th1-Th2
responses

Eosinophils

Specific
antibody levels

Cytokine storm

Acute-phase
reactants

Lymphopenia in severe cases (<20%). Initial lymphopenia is predictive of
severe disease.

Severe lymphopenia (<5%) is observed in CD8* T cells and can be a
predictor of severe disease.

Normal antiviral immunity requires a CD4 and CD8 Th1 response. Severe
disease shows a systemic severe inflammatory response with a cytokine
storm. Cytokine storm response is mainly Th1 and inflammatory. It can
also have a major role in inflammasome activation.

Decreased circulating eosinophil numbers in 50%-80% of the hospitalized
patients.

In the acute phase, virus-specific IgM increases followed by virus-specific
1gG during convalescence.

Innate and adaptive cytokines are released in high amounts linked to
severe disease.

High in severe cases. Initially high values are predictive of severe disease.
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Signs and symptoms

There are similarities in the symptoms between COVID-
19 and previously known beta coronaviruses. Most
common symptoms at onset of COVID-19 illness are
fever, cough and fatigue; while other symptoms include
hyposmia, sputum production, headache, haemoptysis,
diarrhoea, dyspnoea and lymphopenia.t’ ¢ 6 62

COVID-19 showed some unique clinical features like the
targeting of the lower airway as evident by upper

Image 4

Image 5

Pathological findings in other organs: In addition to
the lungs, SARS-CoV-2 was detected in several other
organs, including the heart, liver, Kkidneys,
gastrointestinal tract, spleen, lymph nodes, skin, and
placenta. However, pathological findings in these organs
were nonspecific. Epithelial damage and notable
inflammatory infiltrates—possibly related to SARS-
CoV-2 infection were found in the liver, kidneys,
gastrointestinal tract and placenta; suggesting delayed
involvement during the later stages of COVID-19. This
finding is supported by previous reports of SARS-CoV-2

- ‘./
NS

O e

respiratory tract symptoms like rhinorrhoea, sneezing
and sore throat. Additionally, based on results from chest
radiographs upon admission, some of the cases show an
infiltrate in the upper lobe of the lung that is associated
with increasing dyspnea with hypoxemia.® A small
proportion of cases also presented with gastro-intestinal
symptoms like diarrhoea.

Trse?e events have been summarized in the images 4 and
5. 64
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copies of the virus and release
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and the new coronaviruses infect
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Impaired Gas Exchange
Fluid filied interstiium  ywhen the immune system attacks
the area of infection it also kills
healthy alveolar cells. This results in
three things that hinder gas
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Neutrophi exchange
Protein and 1) Alveolar collapse due to loss of
cellular debris surfactant from Type |l cells
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Formation of stream due 10 lack of Type | cells
Scar tissue 3) More fiuid enters the alveolus

in urine and feces.®™ Evidence of microvascular damage
such as thrombi, endotheliitis, and complement
activation was not limited to the lungs, but was also
found in the heart, liver, kidneys, gastrointestinal tract,
skin, adrenal gland, and prostate, possibly reflecting
systemic hyper-inflammation in these cases.’*

According to a systematic review conducted by Polak SB
et al,® lab investigations revealed lymphocytopenia
(81%), elevated (>10mg/L) CRP levels (100%), elevated
(>0.5 pg/ml) D-dimer levels (98%). Majority of the cases
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were measured in the first three days of illness and
notably, CRP levels were >100mg/L in 50% cases and
D-dimer levels were >5.0ug/ml in 29% cases.

The histopathological picture of COVID-19-related
pneumonitis appears to encompass epithelial (35%),
vascular (4%) and fibrotic (1%) patterns of lung injury.
Overlapping patterns of injury were also seen where a
maximum number of cases showed a combination of
epithelial and vascular pattern of injury (41%). This
vascular pattern of COVID-19 lung injury is prominent
and is in accordance with clinical studies reporting 49%
of cases with thrombotic events. This is in line with the
fact that the ACE2 receptor are present on both alveolar
epithelium and capillary endothelium.

Radiographic findings: On Chest CT scan, bilateral
ground-glass opacities (GGOs) were observed in the lung
field. The lesions at the early stage of COVID-19 are
relatively localized and mainly manifest as inflammatory
infiltration  restricted to  the  subpleural or
peribronchovascular regions of one lung or both lungs,
exhibiting patchy or segmental pure GGOs with vascular

dilation. Very few cases have negative CT findings at the
early stage.

In the progressive stage, CT shows mainly an increased
range of pure GGOs, the involvement of multiple lobes,
consolidations of some lesions and GGOs surrounding
consolidated lesions (the characteristic change of the
progressive stage). Interlobular septal thickening and an
obvious crazy-paving pattern are often present.

At the advanced stage, the CT manifestations of patients
are similar to those in other types of pneumonia and
mainly include diffuse lesions in both lungs, which are
mostly consolidated lesions, and GGOs surrounding
consolidated  lesions, mostly accompanied by
parenchymal bands and occasionally by a small amount
of pleural effusion. This CT appearance is called lung
whiteout.®”]

Inflammatory biomarkers and risk assessment
The summary of changes in biomarkers seen during a
severe COVID-19 infection is illustrated in image6.®

Summary of Changes in Biomarkers Seen in Severe COVID-19 Infection.

Biomarker

Change in severe COVID-19 infection

CRP
SAA
IL-6

wcC

D-dimer

Platelet count
Cardiac troponin
Renal biomarkers

Increase

Increase

Increase

Increase

NLR increases

LC decrease

Increase

Decrease

Increase

Urea & creatinine increase

CRP = C-reactive protein; SAA = serum amyloid A; IL-6 = interleukin 6;
LDH = lactate dehydrogenase; WCC = White cell count.

The progression of disease is illustrated in image 7 along with the severity of symptoms.®

Survival

Improvement

Mild Moderate
] ] ]
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N . terial super-infections
' ta"‘P“ =) Severe Critical
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] 116 -
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{1 Fe02 ez 7
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Symplom onset Disease course
Mild Mald symriploms, No imag dings of preumonia
Moderate: Fever OR respiratory sy
Severe Re: distress 30/min OR saturation <93% at rest OR Pa02: FIO2 ratio
Critical; ion (including ARDS) OR shock OR other prgan failure
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