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Coronavirus Disease (COVID-19) 
Outbreak and Adaptive Immune 
System of the Body: A Review

INTRODUCTION
COVID-19 is a zoonotic virus and from phylogenetic analyses, 
bats found to be the reservoir of COVID-19 virus as of now, but it 
has not yet been identified that what are the intermediate host(s) 
[1]. Coronavirus came into the highlight in 2002-2003 when 
clumps of “atypical pneumonia” were first reported in Guangdong 
Province, followed by spreading to Hong Kong. Coronavirus 
is viruses of the family Coronaviridae and is a class of genetic 
diverse viruses, which is a single strand, positive-sense RNA 
genome ranging from 26 to 32 kilobases in length and has been 
identified in various avian hosts as well as in various mammalian 
species, including camels, bats, dogs, and cats [2-4].

Another virus of the family Coronaviridae is the SARS and 
COVID-19 is worse than SARS because the virus spreads before 
symptoms appear. SARS is the first new infectious disease of 
this decade and first originated in 2002 end from Southern China 
with a high mortality and morbidity and also affected 8,000 
people and more with nearly 800 deaths [5]. SARS is caused 
by a novel SARS-CoV, and initially SARS cases were reported 
from a hospital in Hanoi, Vietnam, by Carlo Urbani, who was a 
WHO scientist and himself died from the disease [6-9]. Many 
coronaviruses may cause intestinal and respiratory infections in 
animals and humans.

The other member of the coronavirus family is Middle East 
Respiratory Syndrome (MERS)-CoV, which is transmitted from 
dromedary camels to a man in Saudi Arabia in a private hospital 
in Jeddah on June 13, 2012, with history of fever, cough, 
expectoration, and shortness of breath [10]. Later the virus 
first named as 2019-nCoV after isolated from human patients 
and molecular analysis showed that the pathogen was a new 
coronavirus, and subsequently renamed as COVID-19 by WHO 
[11]. This outbreak seemed to be linked with a large seafood and 
animal market, and investigations are still ongoing to determine its 
origin [12].

The present and highly infectious outbreak of respiratory tract 
infections, including Respiratory Distress Syndrome (RDS), is 
the third spill over, in only two decades, of an animal coronavirus 
infection to humans after mutation, resulting in a major epidemic 
and the incubation period (time from exposure to the development 
of symptoms) of the COVID-19 is estimated to be between 2 and 
14 days [13,14]. The CSG certified this virus as a sister of the SARS-
CoVs species and named as SARS-CoV-2.

Infection of SARS-CoV-2 activates innate and adaptive immune 
response of human body in a rapid and well-coordinated immune 
response which represents the first line of defence against the viral 
infection, and the host immune defence may cause harmful tissue 
damage at both at the site of virus entry and at systemic level. As the 
excessive proinflammatory host response has been hypothesised 
to induce the immune pathway resulting in the rapid course of acute 
lung injury in SARS-CoV-2 infected patients, and after injury there 
is an immense cytokine and chemokine discharge called “cytokine 
storm”, that clearly reflects a widespread uncontrolled dysregulation 
of host immune defence. That’s why the key role of the immune 
system in SARS-CoV-2 infected patients might give us clues for 
the clinical management of the severe cases and for preventing the 
transition from mild to severe stages and in this review authors will 
describe, how the immune system plays the first line of defence 
against viral infection.

Humans may be infected by and suffer clinical consequences 
from different type of viruses, and in most the cases the infection 
is resolved with or without damage of the infected persons. In this 
review, we discuss our current understanding of the circumstances 
of SARS CoV-2 infection and will also discuss about host immune 
interaction against COVID-19.

SOme FACTS AbOUT CORONAvIRUSeS
SARS-CoV-2 mainly targets airway epithelial cells, alveolar epithelial 
cells, vascular endothelial cells and macrophages in the lung, all of 
which express the Angiotensin-Converting Enzyme 2 (ACE2).
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AbSTRACT
In December 2019, a severe disease with an unknown aetiology has appeared in a Wuhan City, Hubei province, China. 
Immediately, it was identified as novel Coronavirus Disease (COVID-19) that has spread globally and also called Severe Acute 
Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), and was characterised in China. As we know the presence of viruses with 
new genetic diversity in nature, it is unclear from where this virus has evolved and transmitted to humans at the first place. As the 
outbreak of COVID-19 progresses, epidemiological data is essential to guide situational awareness, and intervention strategies 
and also immune response in COVID-19. That’s why treatments dealing with the immune-pathology of SARS-CoV-2 infection 
is a major issue for focus now-a-days, while a rapid and well-coordinated immune response represent the first line of defence 
against the viral infection. Presently, limited data and information is available on the host innate and adaptive immune status 
of SARS-CoV-2 infected patients. Here, authors described that how the immune system plays the first line of defence against 
viral infection, and attempt to compile, accumulate and disseminate the immune response information on COVID-19 from the 
World Health Organisation (WHO), MEDLINE, Embase, Cochrane Library, Centers for Disease Control and Prevention COVID-
19 Research Database and trials registries for the recognition in progress and finished studies, cohort, and from Randomised 
Controlled Trials (RCTs).
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China (bat-SL-CoVZC45 andbat-SL-CoVZXC21)]; and Clade 3 
[SARS-CoV strains from humans and many genetically similar 
SARS-like coronaviruses from bats collected from southwestern 
China] [16]. The 5’UTR and 3’UTR are involved in inter and intra-
molecular interactions and are functionally important for RNA-RNA 
interactions and for binding of viral and the cellular proteins. At 5’ 
end, 1ab is the first ORF of the whole genome length encoding 
non-structural proteins with size of 29844 bp (7096aa) in COVID-
19. SARS-CoV-2 (COVID-19) binds to ACE2 (the angiotensin-
converting enzyme 2) by its Spike and allows COVID-19 to enter 
and infect cells [Table/Fig-2]. 

Clinical Characteristics of COvID-19
Following are the main symptoms found in COVID-19 patients and 
it was based on the published literature [17-21].

•	 80%	of	infections	are	mild	i.e.,	with	flu-like	symptoms	and	can	
recover at home.

•	 14%	 cases	 are	 severe,	 can	 develop	 into	 pneumonia	 and	
shortness of breath.

•	 4.7%	cases	as	critical	and	can	include:	respiratory	failure,	septic	
shock, and multi-organ failure require hospital treatment.

•	 Near	about	2%	of	reported	cases,	the	virus	is	fatal.

•	 Risk	 of	 death	 increases	 with	 age	 or	 with	 associated	 co-
morbidities such as kidney disease, hypertension, diabetics.

•	 Relatively	few	cases	are	seen	among	children.

Death rate is different and according to age, is given below in 
the [Table/Fig-3]. Difference between different type of flu and its 
symptoms is shown in [Table/Fig-4].

What We Know and What We Don’t
According to Marion Koopmans Erasmus MC, the article published 
in cell press Leading Edge Voices, this outbreak is speedily becoming 
the first true pandemic challenge that fits the disease X category 
whether it will be checked or not and it is recorded to the WHO’s 
priority list of diseases for which we need to be prepared. Its origin, 
the diseases associated with infection, and the ability to spread 
are clear on the basis of its initial resemblances with the SARS 
outbreak. The efforts that are needed to contain the epidemic are 
scaring because the global air travel has increased more than 10-
fold since 2003. But unluckily, as in the past outbreaks, fundamental 
knowledge gaps and medical measures need to be assessed on the 
fly, and scientists and public health experts people alike are wasting 
valuable time in lettering grant applications to do what we know 
wants to be done but which is not an element of a regular venture in 
science and (global) public health awareness [15].

Genomic Organisation of SARS Cov-2 [7]
Alignment of COVID-19 genome sequencing including other 
available genomes of Betacoronavirus showed closest relationship 
with the bat SARS-like coronavirus (strain Bat Cov RaTG13) with 
96%	identity	[1].	Phylogenetic	analysis	of	2019-nCoV	and	its	closely	
associated mentioned genomes revealed that the five subgenera 
formed five well supported branches given in [Table/Fig-1]. The 
Sarbecovirus could be classified into three well supported clades 
(biological group). Clade 1 [two SARS-CoV-related strains from 
Rhinolophus sp. from Bulgaria (accession number GU190215) 
and Kenya (KY352407)]; Clade 2 [10 2019-nCoV from Wuhan and 
the two bat-derived SARS-like strains from Zhoushan in eastern 

[Table/Fig-1]: Phylogenetic analysis of full-length genomes of 2019-nCoV and representative viruses of the genus Betacoronavirus. 2019-nCoV=2019 novel coronavirus. 
MERS-CoV=Middle East respiratory syndrome coronavirus. SARS-CoV=severe acute respiratory syndrome coronavirus [7].
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cases, the hospital should have a good quarantine and isolation 
place to avoid cross-infection and break down the transmission. In 
addition, doctors should pay more attention for finding severe cases 
early in order to diagnose and treat critical cases and care to reduce 
the risk of mortality [26].

body’s Immune System
The body’s first line of defence is the innate immune system that 
initiates right after an infection, and the infection may be virus, 
bacteria or any other antigens, and that innate immune system 
kills the virus and any cells damaged by it. The body’s second line 
of defence is the adaptive immune system, kicks in days later if 
any virus remains, employing what it has learned about the virus 
to mobilise a form of special forces such as T-cells and B-cells. 
B cells secrete antibodies that are proteins called immunoglobulins 
and they circulates in the bloodstream and permeate the other 
body fluids. Antibody bind specifically to the invading virus that 
stimulated their production. Antibody binding mark and targets 
invading pathogens for death by making it easier for phagocytic 
cells of the innate immune system to ingest them [7].

Immune Response to SARS-Cov-2
Immune system T-cells are called as immune warriors, but the 
role of T-cells in fighting against SARS-CoV-2, remains unclear. 
Against previous and new infection Naïve T-cells are useful as they 
release cytokines, whereas memory T-cells mediate antigen specific 
immune response. In a retrospective study done on 452 patients 
with COVID-19, by Qin C et al., the patients with severe COVID-
19 exhibited a significantly lower number of both helper T-cells and 
suppressor T-cells [28], particularly among the helper T-cells, and 
a decrease in the regulatory T-cells, with a more marked reduction 
depending on the severity of the cases, and also decrease in the 
memory T-cells was noted, whereas the percentage of the naïve 
T-cells was found increased [29].

Several studies have found the relevant changes in innate and 
adaptive immune system in COVID-19 patients, especially in the 
lymphocytopenia and a modulation in total neutrophils are the 
common authentications and appear to be the direct correlation 
with severity of disease and death [30,31]. In case of severe 
COVID-19, the number of circulating CD4+ cells, CD8+ cells, 
B-cells and Natural Killers (NK) cells and eosinophils (monocytes 
and basophils) are decreases [31] and significantly increased 
serum levels of proinflammatory cytokines (e.g., Interleukin 
(IL)-6, IL-1β, IL-2, IL-8, IL-17, Granulocyte Colony-Stimulating 
Factor (G-CSF), Granulocyte Macrophage Colony Stimulating 
Factor (GM-CSF), 10 kD Interferon Gamma-Induced Protein 
(IP-10), Monocyte Chemoattractant Protein-1 (MCP-1), CCL3 
(Macrophage inflammatory protein 1-α (MIP 1-α) also known as 
CCL3), and Tumour Necrosis Factor (TNF) has been reported 
[8,28,32]. But no direct evidence for pro-inflammatory cytokines 
and chemokines involvement in the lung pathology in COVID-19 
infected patient has been reported.

Interferons (IFN) are made up of proteins and release by the cells in 
response to the virus infection, and interferons are categorised into 
3 categories: named as type I, type II, and type III. Insufficient and 
Incompatible activation of IFN signalling may be the reason of severe 
cases of COVID-19. Too less IFN at the starting and too much later 
during infection could also contribute to severe or even lethal cases. 
Specific subtypes of IFN such as IFN-α, IFN-β, IFN-γ used to treat 
chronic viral infections, such as viral hepatitis, autoimmune diseases 
such as multiple sclerosis, to treat a bone disorder and an immune 
deficiency syndrome. IFNs has lots of clinical applications in the 
treatment of viral diseases and IFN-α can be effective against SARS 
CoV-2. Mild symptoms (like colds) by any virus stimulate a strong 
IFN response and that’s why the patient can get recovered from 
virus after near about one week without any treatment.

[Table/Fig-2]: Coding regions of 2019-nCoV only open reading frames of more 
than 100 nucleotides are shown. 2019-nCoV=2019 novel coronavirus.

Age (years) Death rate

0-19 0.02%

20 to 29 0.09%

30 to 39 0.18%

40 to 49 0.40%

50 to 59 1.3%

60 to 69 4.6%

70 to 79 9.8%

80 and above 18%

[Table/Fig-3]: Death rate among patients.
Note:	a)	3.4%	is	the	overall	mortality	rate	estimate	by	the	WHO	as	of	March	3,	2020.
b)	15%	is	the	death	rate	among	hospitalised	patients	Hospital	Fatality	Rate	(HFR)	[14,19].

Type fo flu Symptoms

Air Pollution Dry cough + Sneeze

Common Cold Cough + Mucus + Sneeze + Runny nose

Flu
Cough + Mucus + Sneeze + Runny nose + Body ache + 
Weakness + Light fever

Coronavirus
Dry cough + Sneeze + Body pain + Weakness + High fever + 
Difficulty breathing

[Table/Fig-4]: Different type of flu and its symptoms.

ClINICAl mANAGemeNT OF COvID-19
COVID-19 has asymptomatic, mild and severe infection, in which 
asymptomatic and mild infection may resolve without medical care 
and patients will be able to manage their illness at home being 
quarantined, but may progress to pneumonia and respiratory 
failure which require hospitalisation. Some patients of COVID-19 
presented with severe disease requiring hospitalisation and required 
supportive management of the most common complications such as 
pneumonia, hypoxemic respiratory failure, sepsis, cardiomyopathy 
and arrhythmia, and complications from sustained hospitalisation, 
including secondary bacterial infections, gastrointestinal bleeding, 
and others critical illness [13,22-25]. Clinical management is totally 
dependent upon the symptoms of the infected person. Older 
men and men with co-morbidities such as hypertension, kidney 
disease, lung disease and diabetes are at high risk for severe 
disease, should be monitored closely given the possible risk of 
progression to severe illness in the second week after symptom 
onset [14,19,26,27]. For respiratory care, there is standard therapy, 
which is being used cautiously in COVID-19, and these include 
the use of high-flow nasal oxygen, non-invasive positive-pressure 
ventilation, nebulised medications, airway clearance therapies, all 
with the aim of minimising the risk of aerosolisation of the virus and 
airborne spread. Some drugs and vaccines are under trial, but till 
date no antiviral treatment for coronavirus infection has been proven 
to be effective and will discuss it detailed in next part of the review.

Prevention of COvID-19 Transmission
The prevention of this disease is important for the control and break 
down of the transmission of virus by manage and control those who 
are infected and still effecting. For this, preventive measures like 
wearing masks, avoid people gathering, and hand hygiene are also 
very important to break the chain of transmission [26]. In a large 
population country like India, there is much chance of cross-infection 
because one family may have several members. For confirmed 
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body’s Innate and Adaptive Immunity  
against SARS-Cov-2
The ability of the immune system is to differentiate, what is foreign 
from what is self in this way is a fundamental characteristic of 
the adaptive immune system. The adaptive immune system is 
carried out by white blood cells called lymphocytes. The function 
of the adaptive immune system is to destroy the invading viruses, 
bacteria and any toxic molecules they produce. There are two 
broad categories of adaptive immune responses, first one is 
antibody responses and the second one is cell-mediated immune 
responses, and this immune response is carried out by different 
classes of lymphocytes, called as B-cells and T-cells, respectively. 
First line of defence against virus infection is Innate immunity and 
the receptors are activated against the viral infection that recognise 
the pathogen associated molecular patterns, such as double-
stranded RNA or mRNA. The identification of pathogen associated 
with molecular patterns results in concomitant cytolytic immune 
responses, mainly through the type I IFN and NK cells. SARS-
CoV-2 infection and the destruction of lung cells such as epithelial 
cells, and macrophages activates a local immune reaction, after 
infection macrophages and monocytes release T-cell, B-cell and 
cytokines immune reactions [7]. Both T and B-cell are detected in 
the blood about 1 week after the onset of COVID-19 symptoms 
[7]. CD4+ T-cells are essential to prime both CD8+ T-cells and 
B cells, whereas CD8+ T-cells are necessary for directly attacking 
and killing virus-infected cells. CD4+ T-cells are responsible for 
cytokine production for immune cell recruitment [8]. These CD4+ 
T cells contribute numerous activities in protective immunity against 
viruses that are initiated by infection or by vaccination. In most of 
the cases, this process is capable of dissolving the infection. But, 
in some cases, dysfunction of the immune response occurs, which 
can cause severe lung and even systemic pathology. The immunity 
development against a pathogen through natural infection is a multi-
step process that generally takes place over 12 weeks. SARS-
CoV-2 infection occur by binding to a host cell through its target 
receptor i.e., ACE2, it is because loss of pulmonary ACE2 function 
is associated with acute lung injury [32] and the destruction of lung 
cells triggers a local immune response, recruiting macrophages 
and monocytes that respond to the infection, release cytokines 
and adaptive T and B-cell immune responses. But in most of the 
cases, this process is able of resolving the infection, and in some 
of the cases, a dysfunctional immune response occurs, which can 
cause severe lung and even systemic pathology.

It is well known that COVID-19, which targets surface cells of the 
upper and lower respiratory system, and has an average incubation 
period of 6 to 14 days and a much slower disease progression. 
Presently, limited study and data is available on the host innate immune 
interaction of SARS-CoV-2 infected patients, but mathematical 
modelling indicates that the adaptive immune response may kick in 
before the target cells are depleted, slow down the infection rate and 
interfering with the innate immune response ability to eradicate most 
of the viruses quickly [33,34]. As the infection keeps persisting, it will 
circulate the whole of the adaptive immune response with its multiple 
layers. The fundamental interaction of the innate and the adaptive 
immune reactions may also explain why some COVID-19 patient’s 
experience two waves of the disease, and appearing to get better 
before eventually getting much worse.

SARS-CoV-2 is a Cytopathic virus, can cause death and injury 
of virus-infected cells and tissues as part of the virus replicative 
cycle, cause high levels of virus-linked pyroptosis, and is a highly 
inflammatory form of programmed cell death that is usually seen with 
cytopathic viruses [34,35]. This inflammation cause secretion of the 
pro-inflammatory cytokines and the chemokines IL-6, IFNγ, MCP1 
and IP-10 into the blood of impaired patients and these cytokines 
are indicators of a T Helper 1 (TH1) cell [Table/Fig-5] [5,6].

The Antiviral, Synergistic, Immunomodulatory effect 
of Drugs on Immune System against SARS-COv-2
If the virus continues to mutate to lower its pathogenicity, there 
is a high possibility that it might coexist with humans and it is 
possible after the development of a therapy to treat SARS-CoV-2 
or vaccine to immunise. Because of the importance of immune 
instability in the pathogenesis of SARS-CoV-2 infection, there are 
several immune- regulating drugs that regulate different aspects of 
inflammation are being tested for their efficacy in the treatment of 
COVID-19. There are few key receptors and inflammatory cytokine 
which play a critical role in biological immuno-modulating drugs 
[Table/Fig-6] [36-48].

[Table/Fig-5]: Flow chart of virus replicative cycle, cause high levels of virus-linked 
pyroptosis, and is a form of programmed cell death.

Drugs Mode of action reference

Hydroxychloroquine or 
Chloroquine

Interference with ACE2 receptor 
to block virus invasion; increase of 
endosomal pH required for virus 
fusion; mild immune suppression

[36-39]

Thalidomide
Reduction of inflammatory cell 
infiltration; reduction of cytokine 
storm; reduction of lung damage

[40-43]

Tocilizumab (a recombinant 
humanised monoclonal antibody)

Blockade of IL-6 receptor and its 
downstream signalling pathways

[36,44]

Anakinra
Blockade of IL-1 receptor and its 
downstream signalling pathways

[19,45]

Ruxolitinib JAK inhibitor; immune suppression [46-48]

[Table/Fig-6]: Antiviral, synergistic, immunomodulatory effect of drugs on immune 
system against SARS-CoV-2 [36-48].
JAK: Janus kinase

There are also some other treatment which is being started to 
treat COVID-19 patients such as stem cell therapy and plasma 
therapy [Table/Fig-7] [49-53].
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Therapy Mode of action

Stem cell therapy Suppression of inflammation; proviral silencing

Convalescent plasma Promotion of virus elimination via virus-specific antibodies

[Table/Fig-7]: Therapies and their mode of actions to treat COVID-19 patients.

Drug under clinical trial registration number

Remdesivir NCT04252664 and NCT04257656

Favipiravir ChiCTR2000029544 and ChiCTR2000029600

ASC09 ChiCTR2000029603

Lopinavir/Ritonavir
ChiCTR2000029387, ChiCTR2000029468, and 
ChiCTR2000029539

[Table/Fig-8]: Antiviral drugs under clinical trial against virus.

Study title Interventions
Study 

 location Status

Duvelisib to Combat 
COVID-19

Drug: Duvelisib United states New

Inhaled Nitric Oxide for 
Preventing Progression in 
COVID-19

Drug: Nitric Oxide United states
Recruiting 

(New)

COVID-19 Convalescent 
Plasma (CCP) Transfusion

Biological: COVID 
Convalescent Plasma

United states
Recruiting 

(New)

VA Remote and Equitable 
Access to COVID-19 
Healthcare Delivery (VA-
REACH TRIAL)

Drug: 
Hydroxychloroquine
Drug: Azithromycin
Drug: Placebo oral tablet

United states
Active, not 
recruiting.

Baricitinib, Placebo and 
Antiviral Therapy for the 
Treatment of Patients with 
Moderate and Severe 
COVID-19

Drug: Baricitinib
Drug: Hydroxychloroquine
Drug: Placebo 
administration

United states Recruiting

Safety and Immunogenicity 
Study of 2019-nCoV 
Vaccine (mRNA-1273) for 
Prophylaxis of SARS-CoV-2 
Infection (COVID-19)

Biological: mRNA-1273 United states Recruiting

[Table/Fig-9]: Several other drugs under trial.
(Data is taken from US National Library of Medicine (https://www.nlm.nih.gov/))

To recover the patient from COVID-19, Anti-viral immunity is 
mandatory. There are pros and cons of using medications 
on COVID-19 patients. They should be carefully considered 
as immune cell subsets and the evaluation of cytokine profiles 
has crucial significance for selecting appropriate treatment. For 
example tocilizumab could be considered in patients with high 
concentrations of serum IL-6. Also, the timing of treatment is very 
essential to repress the side-effects of immunosuppressants; but 
unfortunately, there is not yet any crucial evidence with regard to 
the suitable timing of administration of these agents. Therefore, 
studies are required to overcome this problem.

Drug under Clinical Trial against COvID-19
In the National Health Commission (NHC) guidelines, some drugs 
such as arbidol and chloroquine phosphate is a potent treatment 
options for COVID-19 patients and was shown to inhibit multiple 
enveloped viruses by inhibiting their entry/fusion of viral membranes 
with cellular membranes [54,55]. Chloroquine which is a traditional 
antimalarial drug, effective against SARS-CoV-2 infection invitro [56] 
and also several clinical trials are in progress for the efficacy and 
safety of chloroquine phosphate against COVID-19 [57].

Several antiviral drugs have been under clinical trial against viral 
proteases, polymerases, MTases, and entry proteins are given 
below in [Table/Fig-8].

Remdesivir is a monophosphoramidate prodrug of an adenosine 
analog, and is an active form that can integrate into incipient viral 
RNA by the activity of RNA-dependent RNA polymerases, which then 
causes RNA synthesis arrest and thus virus replication is blocked.

Some clinical trial is summarised as shown below in [Table/Fig-9]. In 
addition, many more drug trial is ongoing.

CONClUSION(S)
We still need to understand what, and how the virus have changed 
and effect the humans. Critical question is whether the sequencing 
will help to address this situation including an understanding of how 
effective the treatment strategies and interventions are, whether we 
are missing transmission chains, how locations of virus are connected 
to the transmission, and what are the factors that contribute to its 
spread. We are in the emerging stage of understanding that how 
the immunity mediates between both viral control and host toxicity 
during severe COVID-19. The knowledge gained from years of 
fundamental work in viral immunology will be needed for the test 
and treatment options that recruit both innate and adaptive immune 
systems for the prevention and treatment of COVID-19 and other 
future viral pandemics. An early identification of patients infected with 
SARS-CoV-2 is very important and beneficial to reduce the mortality 
in patients with severe symptoms associated with COVID-19. There 
is a need to expand the testing facilities for COVID-19, which will 
play an important role to find new and suspected cases as quickly 
as possible. Only then, we can isolate patients and break down the 
transmission.
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