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Interaction of virus 
with human

The scientific consensus is that COVID-19 has a natural origin



How virus invades the host cells



Spike protein and important candidates receptor



Transmission
Saliva and other bodily fluids and excretions.

Small droplets and aerosols, which can spread as an infected person.

Breathes, coughs, sneezes, speaks.

Contaminated surfaces and direct contact.

It can spread as early as two days before infected persons show symptoms (presymptomatic), 
and from asymptomatic individuals. 

The incubation period is typically around five days but may range from one to 14 days

People remain infectious for up to ten days in moderate cases, and two weeks in severe cases.

https://en.wikipedia.org/wiki/Respiratory_droplet
https://en.wikipedia.org/wiki/Aerosol
https://en.wikipedia.org/wiki/Asymptomatic
https://en.wikipedia.org/wiki/Incubation_period


Receptors
for Virus

• ACE2





Variants of SARS-CoV-2

 “variant of concern” (VOC) for SARS-CoV-2 refers to 
viral variants with mutations in their RBD that 
dramatically improve binding affinity in the RBD-hACE2 
complex while also causing fast dissemination in human 
populations.

 Increased viral replication increases the likelihood of 
SARS-CoV-2 mutations forming. 







Variants and mutations





Delta Variant

The Delta variant (B.1.617.2) was discovered for the first time in India in late 2020. The 

Delta version may have invaded over 163 nations by August 24, 2021. 

The World Health Organization stated in June 2021 that the Delta strain is on its way to 

becoming the most prevalent strain in the world.

 Therefore, the Delta variant was changed from Variant of Interest (VOI) to VOC. According 

to present evidence, the SARS-CoV-2 Delta VOC is 40%–60% more transmissible than the 

Alpha (B.1.1.7) VOC and may be associated with an increased risk of hospitalization. The 

Delta VOC mostly endangers those who are unvaccinated or just partially vaccinated.



SARS-CoV-2 Variants and immune response 



Omicron

 On November 26, 2021, the WHO Technical Advisory Group on Virus 

Evolution (TAG-VE) proposed that variant B.1.1.529, commonly known as 

Omicron, be identified as a VOC. 

 The TAG-VE made this decision after discovering that Omicron has several 

mutations that might impact how quickly it spreads or the severity of the 

disease it causes. 



 Computational studies to examine the Delta and 
Omicron variants shows Omicron variant had a higher 
affinity for ACE2 than the Delta variant due to a 
significant number of mutations in the SARS-CoV-2 RBD, 
indicating a higher potential for transmission. 

 In comparison to the Delta variant, both the entire spike
protein and the RBD in Omicron include a high proportion 
of hydrophobic amino acids such as leucine and 
phenylalanine. 

Omicron



 The Omicron variation includes 30 mutations in the Spike 
protein, half of which are in the RBD, according to the 
multiple alignments .

 T478 loop in RBD is a common mutation seen in Delta and 
Omicron variants . 

 RBD has the potential to be developed into an efficient and 
safe subunit vaccine against SARS-CoV-2 due to its ability to 
produce very robust neutralizing Ab responses. 

Omicron



Why Omicron Is Putting More Kids in the Hospital

 Experts believe the jump in pediatric hospitalizations is 
likely the result of a confluence of factors. 

 One of them is Omicron’s more contagious nature, and 
another may be the variant’s newfound preference for 
airway passages above the lungs, which can be more 
easily blocked in small children.



Immune response against the virus

 Innate immune response

Cell mediated response

Humoral response 





Innate Immunity



Role of Neutrophils in pathogenesis of COVID-19



Neutrophils

 Neutrophils play a crucial role in the first line of cell-mediated defense against 
microbes. 

 They phagocytose bacteria and clear them by fusion with their cytoplasmic granules 
containing proteases, defensins, antimicrobial peptides or reactive oxygen species 
(ROS). Additionally, they can form neutrophil extracellular traps (NETs), in which parts 
of the nucleus together with granules are actively released.

 Neutrophils and activated platelets can elicit a process termed immunothrombosis in 
blood vessels where they contribute to the formation of a fibrin mesh that can trap 
pathogens.

 HIF-1α is expressed at low levels in circulating neutrophils, but upregulated in 
hypoxic conditions of inflamed tissue.

 HIF pathway: 

 Increase the expression of antimicrobial peptides and promote degranulation

Inhibits apoptosis of neutrophils prolonging their life time in inflamed tissue



 Upon SARS-CoV-2 infection, elevated numbers of 
neutrophils have been observed in the nasopharyngeal 
epithelium and later in the more distal parts of the lung .

 Plasma levels of some mediators such as RETN, HGF, and 
LCN2, typically produced by neutrophils, were recently 
proposed as predictive for critical illness and mortality.



Role of MQ in pathogenesis of COVID-19



Role of macrophages in 
pathogenesis of COVID-19

Alveolar macrophages, which reside in proximity to type I and type II epithelial alveolar cells 

Interstitial macrophages, which are preferentially abundant between the 
microvascularendothelium and alveolar epithelium zone           

Both macrophages divided into two functional phenotypes.
M1: Which are activated by PAMPs that are also expressed by viruses. Their activity is then 

promoted by Th1 cells, and induce recruitment of immune cells into the lung parenchyma.

M2: The second  population includes the alternatively activated macrophages which are 

activated by Th2 cells by  means of IL-4 and IL-13 and activation of M2 macrophages 
triggers the release of anti-inflammatory cytokines, which restrict inflammation 
and promote tissue repair



 Human monocyte-derived DC and macrophages shows both 
cell are permissive to SARS-CoV-2 but did not support 
productive viral replication.

 Peripheral blood reported reduced percentages of total 
monocytes in the blood of severe COVID-19 cases.

 Reduced HLA-DR and CD86 expression together with 
elevated levels of IL-1β, IL-6, IL-8, IL-10, IL-17 and IFN-γ 
were observed in children with multisystem inflammatory 
syndrome associated with SARS-CoV-2 infection 



Monocytes and macrophages in COVID-19



Natural Killer cells and SARS-COV-2



NK cells and Viral infection 

 NK cells can eliminate virus-infected cells via CD16-mediated antibody-dependent 
cell-mediated cytotoxicity (ADCC).

NK cells are not thought to have permanent tissue residency but instead move 
dynamically between the blood and tissues, such as the lungs.

 With age, patients with deficiency of NK cells, obesity and cancer  linked to 
increased COVID-19 severity due to the decreased number or un-functionality of  
NK  cells. 



NK  cells and SARS-CoV-2



Hypothesized dual role of NK cells during COVs infections



Complement and COVID-19



Complement System



Complement system and SARS-CoV-2



Complement and SARS-CoV-2



Role of TLRs in the pathogenesis of COVID-19



TLRs on different innate immune cells



TLR1/2/6 activation and subsequent signal transduction may be in 
part responsible for clinical immunopathological manifestations 
experienced by patients infected with COVID-19.

 TLR-binding efficacy of S protein by direct binding of S protein of 
SARS-CoV2 to  TLR1 and 6  has been shown.

 Direct engagement between TLR3 and the S protein of SARS-
CoV-2 has yet to be established.

Involvement of TLRs with SARS-CoV-2 (1)



 Uncontrolled TLR4-mediated inflammation has been 
suggested to contribute to immunopathological consequences 
in COVID-19 patients.

 PBMC of patients have increased expression of TLR4 and its 
downstream signaling adapter molecules 

Elevated levels of circulating TLR4 DAMPs in patients may be 
responsible for the feed-forward loop of the persistent 
inflammation, resulting in cytokine storm,

Involvement of TLRs with SARS-CoV-2 (2)



 The ability of TLR7/8 to reduce replication of viruses has been 
demonstrated in HIV-1, influenza, and MERS-CoV, as upon entry into the 
cell viral ssRNA binds to TLR7/8 promoting activation and antiviral 
immunity.

 Activation of TLR7 and TLR8 induces the recruitment of the adaptor 
molecule MyD88, resulting in the release of pro-inflammatory cytokines 
and chemokines , and type I (IFN alpha and IFN-beta) and III IFNs (IFN-
lambda) , which have been shown to aid in viral clearance and reduced 
replication.

Involvement of TLRs with SARS-CoV-2 (3)



Role of TLRs receptors in 
recognitions of SARS-CoV-2 
compartments



Humoral response to SARS-CoV-2
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Should I get my COVID vaccine booster? 
Yes, it increases protection against 
COVID, including Omicron
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Antibody-dependent enhancement (ADE)



What we currently know about COVID-19 immunity

People who recover from even mild cases of COVID-19 produce antibodies that 
are believed to protect against infection for at least 5 to 7 months, and could last 
much longer.’

The presence of antibodies only means that you’ve been exposed in the past.

Herd immunity is the concept that if enough people are protected from infection, 
either by gaining immunity from having the infection or receiving a vaccine, then 
the chance of a nonimmune person contracting the disease is exceedingly low.

• A vaccine will help us control the virus by creating herd immunity.



T cells response in COVID-19



 Similar to other respiratory viral infections T cells, have a

prominent role in SARS-CoV-2 infection.

 T cell immunity at early time points after COVID-19

generally appears to be relatively resilient across a spectrum

of disease severity.

 Disease might occur in different patients at either end of this

immune response spectrum (virus-mediated pathology &

T cell-driven immunopathology)



Activation of cell mediate immunity 

following innate immunity



Nature review immunology,2020

The main molecular

and cellular changes elicited 

by influenza virus infection 

of the respiratory system. 



Timelines of cell mediate response after exposure to

SARS-CoV-2



Timelines of viral (SARS-

CoV-2 ) burden in the lungs 

and upper respiratory tract 

(URT) and immune responses

1. Cross-reactive CD4+ memory

T cells reduce COVID-19 

symptoms and lung viral load but 

have minimal impact on URT viral 

load.

2. Cross-reactive memory TFH cells 

trigger a faster and better antibody 

response, resulting in accelerated 

control of virus in the URT and 

lungs.

3. Cross-reactive CD4+ TRM cells at 

the site of infection enable rapid 

control of virus in the URT and 

lungs.

Nature Reviews Immunology 2020



Activation Subsets of T cells in COVID-19



International Immunopharmacology 2021

Interaction of T cells with SARS-CoV-2



 Lymphopenia is associated with severe disease but is reversed when patients recover. 

 Transient lymphopenia in other infections (influenza A H3N2 virus, human rhinovirus) occurs 

for only 2–4 days around symptom onset and rapidly recovers. 

 COVID-19 lymphopenia may be more severe or persistent than in other infections and seems 

to be more selective for T cell lineages. 

 lymphopenia has reported to affect CD4+ T cells, CD8+ T cells, B cells and NK cells whereas 

other data suggest that SARS-CoV-2 infection has a preferential impact on CD8+ T cells.

Lymphopenia in COVID-19 (1) 



1) Redistribution of lymphocytes in 

vital organs such as lungs and 

intestinal.

2) Suppressive effects of increased 

serum levels of chemokine's such as 

CXCL-10 and CCL-2 on the 

haematopoiesis of stem cells in bone 

marrow.

3) Induction of cytokine storm and 

autoantibodies and other immune 

complexes on the apoptosis of 

lymphocytes.

4) Effect of viroporin 3a of virus on 

apoptosis and pyroptosis of lymphocytes

5) Role of LDGs cells as cells with 

production some mediators suppress the 

lymphocyte proliferation

Mechanisms which lead to 

lymphopenia in COVID-19 patients. 

Mortaz et al , submitted paper JOCI  2021 



Activation of T cells in critical ill patients 



 Viral load and co-morbidities could

have a major impact on quality of the

T cell response

 In severe COVID-19 including high

levels of systemic cytokines or

chemokines, most or delayed or

defective type I interferon responses

could potentially skew T cell

responses (hyperactivation /

hypoactivation/ an ineffective

differentiation state ( TH17 cells,

exhausted T cells)

ImmunoTargets and Therapy 2021

Overall depiction of the immune response 

in mild versus severe Covid-19



 The total T cell 

response is stronger and 

broader in severe cases 

(assumed to have had 

higher viral burden), 

correlating with 

stronger antibody 

responses 

 However, there are, 

proportionally, more 

CD8+ T cells in mild 

disease. 

Nature Immunology | VOL 21 | 

November 2020

Frequency and specificity of 

T cells in the resolution 

phase of mild or severe 

COVID-19



Nature Reviews | Immunology, 2020

Proposed CD8+ T cell response during COVID-19



Nature Reviews | Immunology, 2020

Proposed CD4+ T cell response during COVID-19



 Cardiovascular disease, diabetes, and obesity, aging , male sex and the ABO

blood type, could affect the clinical outcomes for patients with COVID-19

 Age-related reduction in T cell clonal diversity (CD4+ T cells and CD8+ T cells) 

is associated with impaired responses to viral infections

 Advanced age associated with T cell senescence, contributes to ineffective 

responses to infections However, senescent T cells may also paradoxically be 

pro-inflammatory and therefore perhaps contribute to immunopathology

 Older patients experience more severe lymphopenia during COVID-19

Co-morbidities related with CD4, CD8 in COVID-19 (1)



Expansion of memory versus naive T Cells with 

age and reaction with SARS-CoV-2

Trends in Immunology 2021



Men with COVID-19 have higher rates of hospitalization and mortality

than women, and among severe cases of disease, men have more 

severe lymphopenia.

 There may also be a bias to stronger CD4+ and CD8+ T cell 

activation in women with COVID-19 .

 It is unclear whether these sex biases relate to X chromosome-encoded 

immune genes and/or the role of sex hormones in regulating immune 

responses

Obesity can also directly affect T cell responses to influenza

vaccination or infection, asthma and chronic inflammation.

Co-morbidities related with CD4, CD8 and COVID-19 (2)



Memory T cells in COVID-19



Memory CD4+ T cells and CD8+ T cells were detected in 100% and 

70% of COVID-19 patients who recovered, respectively

Memory T cell responses were detected for multiple SARS-CoV-2 

proteins, including not only spike protein but also nucleoprotein and 

membrane protein



 SARS-CoV-2-reactive CD4+ and CD8+ T-cell

responses were detected in up to 50% and 20%

of unexposed individuals, respectively, may

result from previous infection by cross-

reactive common-cold coronaviruses

(CCCoVs)

 pre-existing SARS-CoV-2-reactive T cells

interfere with the development of a competent

SARS-CoV-2-specific T-cell response by an

‘original antigenic sin’ phenomena

 A recent study reported that COVID-19

patients with a recent history of CCCoV

infection have significantly milder disease

Cell ,  2020

SARS-CoV-2 reactive T cell responses in unexposed individuals



(A) Appropriate T cell response specific to that

pathogen develops and contributes to control and

of the infectious agent. The T cell population is

then maintained at a low frequency as a mixture of

memory subsets.

(B) If the immune response cannot clear the

infectious agent, a chronic infection will develop.

This can cause T cells to enter a so-called

exhausted state rather than developing classical

memory.

(C) If the initial response is too strong , the

immune response can cause damaging

immunopathology, potentially including a cytokine

storm. This can be fatal, and survivors may have

lasting changes in subsequent immunity .

Immunity 54, January 12, 2021

Outcomes of primary immune responses and effects on 

memory cells development



(A) Cross-reactive T cells mediate a 

rapid and effective immune response, 

this results in a memory-like 

heterologous immune response to the red 

virus, mediating enhanced control 

compared to a de novo primary response. 

(B)  Cross-reactive T cells may be 

incapable of mediating an effective 

immune response to the red virus, instead 

causing immunopathology  and/or 

suppressing the de novo primary 

response to that pathogen by 

outcompeting antigen-specific naive T 

cells. 

Immunity 54, January 12, 2021

Heterologous Immunity to Viruses









Thanks for your 
attention


