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ABSTRACT

An adequate immune system is needed eliminate of pathogens and infectious diseases. COVID-19 is one of the most 
contagious respiratory diseases transmitted by close and indirect contact between humans. Lungs are the primary 
organ target of COVID-19, and its principal characteristic is pneumonia. The COVID-19 infection consists of three 
phases: asymptomatic phase, non-severe symptomatic phase, and severe symptomatic which is commonly followed 
by ARDS (acute respiratory distress syndrome). Pulmonary edema, acute hypoxia, and inflammatory cell buildup in 
the lungs are all symptoms of ARDS, which leads to cytokine storm. The proinflammatory cytokines that involve in 
ARDS are interleukin-1, tumor necrosis factor (TNF)-α, and IL-6. The increased number of macrophages, neutrophils, 
and T cells may contribute to trigger ARDS, multiple organ dysfunction syndromes (MODS) and failure of the coag-
ulation system. Severe hypoxia caused by ARDS and MODS is one of the common causative deaths in COVID-19 
patient. 
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INTRODUCTION

Adequate immune system is required for protection 
against pathogens. SARS-CoV-2 that was firstly appear 
in Wuhan, China, has been widely spread across the 
globe. It is transmitted through contact with infected 
patients. COVID-19 was firstly reported as pneumonia 
with unknown etiology (1-4).

The World Health Organization considered COVID-19 
as pandemic in 2020. COVID-19 approximately has 
infected 491 billion of people worldwide, with 6.15 
billion of them leads to mortality. The lower part of 
lungs is the main target of SARS-CoV-2 in patients with 
pneumonia. There are four major proteins of SARS-
CoV-2: spike protein (S), nucleocapsid (N), film (M), 
and envelope (E). The S protein is associated with initial 

virus entry. It mediates the virus to bind with angiotensin 
converting enzyme (ACE) - 2 (5-10). 

There are currently four types of COVID-19 variants: 
variant of interest (VOI) and a variant of concern (VOC), 
as shown in table I. COVID-19 VOCs consist of: alpha, 
beta, gamma, and delta variants, while the COVID-19 
VOIs consist of: Eta, Lota, Kappa, and Lambda variants. 
The Delta variant was firstly appeared in Maharashtra 
City of India in 2021, followed by the Omicron variant 
in South Africa on November 24, 2021. All VOIs 
and VOCs have mutations in D614G. The variants 
are associated with fast and severe progression of the 
COVID-19. The Omicron variant have transformations 
in its primary and non-primary proteins. There are 32 
kinds of transformations in the underlying protein spike 
protein, with 15 of the 32 types of mutation found in 
the Receptor-Binding Domain (RBD). The non-structural 
protein encoded by ORF1ab contains transformations 
in nsp. Nsp3 and nsp 5 are proteases that divide. The 
polypeptide encoded by ORF1a and 1b, nsp12 is 
an objective for - obstructing drugs polypeptide that 
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separates and incorporates viral proteins (11-15).

The COVID-19 is divided into three phases: 
asymptomatic, non-severe symptomatic non-severe in 
the respiratory tract part top, and severe symptomatic 
phase. The non-severe symptomatic phase is commonly 
occurred in the upper respiratory tract, while the severe 
symptomatic phase is commonly occurred in lower 
respiratory tract, which is identified as acute respiratory 
distress syndrome (ARDS).

ARDS is a major causative fatality COVID-19. It is 
recognized by inflammation, increased cytokines 
secretion, and higher level of proinflammatory 
chemokines. The clinical features of ARDS are: acute 
pulmonary edema, hypoxemia, and ventilator-mediated 
breathing. ARDS is often linked with diffuse alveolar 
damage and injured epithelium of alveolar lung that 
may lead to accumulation of fluid protein-rich edema 
in the alveolar space. The cytokine storm, which is 
the resulted from enhanced inflammation response, is 
characterized by proinflammatory cytokines, Multiple 
Organ Dysfunction Syndrome (MODS), and death in 
severe COVID-19 cases. The cytokine storm is defined 
as systemic inflammation in response to various factors 
that interfere homeostatic processes (16-20). 

METHODS

Sources from PubMed database, Research Gate, 
national journal, and international journal were used 
in this study. Articles about COVID-19-its transmission, 
response immune in COVID-19, Acute Respiratory 
Distress Syndrome (ARDS), the pathogenesis of ARDS, 
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Fig. 1: . Flow diagram of study identification. 

Table I. Variant of Concerns (VOCs) and Variant of Interests 
(VOIs) 

Type 
of 
Vari-
ants

A variant of Concerns (VOCs)

Variant 
Alpha

B.1.1.7 lineage 
status VOC-
20DEC-01

Mutation occurs in 
Protein Spike (S) 
so that character 
is resistant to neu-
tralizing antibodies 
(NAbs) obtained 
from convalescent 
plasma and indi-
viduals who have 
been vaccinated.

Beta 
Variant

B.1.351 lineage 
status VOC-
20DEC-02

Gamma 
Variant

P.1 lineage 
status VOC-
21JAN-02

Variant 
Delta

B.1.617.2/AY.1/
AY.2 lineage 
status VOC-
21APR-02

A variant of Interests (VOIs)

Variant 
Eta

B.1.525 lineage 
(VUI-21FEB-03) 
and B.1.1318 
lineage (VUI-
21FEB-04)

Mutation occurs in 
Protein Spike (S) 
so that character 
is resistant to neu-
tralizing antibodies 
(NAbs) obtained 
from convalescent 
plasma and indi-
viduals who have 
been vaccinated

Lota 
Variant

B.1.526 lineage

Kappa 
Variant

B.1.617.1 
lineage

Variant 
Lambda

C.37 lineage

the emergence of cytokine storm and Multiple Organ 
Disorder Syndrome (MODS) as ARDS manifestations 
were included. 

Search strategies
Literature search was conducted from January to April 
2022 to identify published studies about transmission 
mechanism of COVID-19, immune response in 
COVID-19, acute respiratory distress syndrome (ARDS), 
the pathogenesis of ARDS, the emergence of cytokine 
storm and Multiple Organ Disorder Syndrome (MODS) 
as ARDS manifestations. Searching strategies focused 
on medical referencing from ScienceDirect, PubMed 
and Google Scholar. A mix of words and controlled 
vocabulary (COVID-19 AND Acute Respiratory Distress 
Syndrome (ARDS) AND cytokine storm AND Multiple 
Organ Disorder Syndrome (MODS) AND Mortality) were 
used.  Inclusion criteria of this study is articles related 
to COVID-19, Acute Respiratory Distress Syndrome 
(ARDS), cytokine storm, Multiple Organ Disorder 
Syndrome and its effects on host’s mortality. Exclusion 
criteria of this study is articles that only contains abstract; 
letters to the editor; editorials; patient handouts. 

Figure 1 shows the four-phase Preferred Reporting Items 
for Systematic Reviews and Meta-analyses (PRISMA) 
diagram could establish the number of studies identified, 
screened, and included in the systematic review.

DISCUSSION

COVID-19 aerobiology pathway of communicable 
respiratory disease and its transmission in dentistry
The human-to-human transmission mechanism of 
COVID-19, consists of: secreted droplets from infected 
patients that directly contacts to mucosa, physical contact 
with droplets on surface area, inhaled aerosolized 
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initial size, composition, and environmental factor. 
The particles are mostly located in upper and lower 
respiratory tracts (23,24). Aerosol contains of particles 
that circulate in the air with size of less than 50 μm. 
Aerosol is divided into tiny and large droplet. The tiny 
droplets are easily evaporated to form droplet nuclei 
and migrate to other locations. Particles that are less 
than 0,5-10 μm in size tend to penetrate into lungs and 
cause disease (25). 

Aerosols are normally produced during talking, 
breathing, sneezing, or coughing. Aerosol could reach 5 
m/s speed and transport up to 6 meters in 0.12 seconds 
during sneezing. Droplets are transmitted within radius 
1,5 to 2 meters. Aerosols contain fungi, bacteria, and/
or virus. Humans are exposed to aerosol through 
physical contacts of skin, eye, and respiratory tract. 
The concentration of aerosol is measured by analyzing 
air sample. Aerosol are transmitted in the air with high 
indoor concentration of aerosol (26-30).

Immune Response in COVID-19
The virulence of Coronavirus in host is initiated by 
attachment and invasion of COVID-19 particle into 
the mucosa. It is mediated by protein S1 that binds to 
Angiotensin Converting Enzyme-2 (ACE-2) receptors. 
The ACE-2 receptors are widely distributed in human 
body, but SARS-CoV-2 is specifically bind to ACE-
2 receptors in the upper respiratory tract (16,17). The 
binding of S1 with ACE-2 receptors is also influenced 
by cathepsin A/B, TMPRSS2, and the compatibility of 
Receptor binding Domain (RBD), Receptor Binding 
Motif (RBM), dan Transmembrane Domain (TD) 
between Spike S1 and ACE-2 receptors (18,19). Blocking 
on influencing elements S1 to ACE-2 virulence inhibit 
S1 to connect to ACE-2 despite the fact that ACE-2 is 
a receptor from S1 coronavirus (31,32). After binding 
of S1 and ACE-2 receptors, the Spike S2 invades 
ribosome in endoplasmic reticulum (ER) that is required 
for transcription and translation. Host response to S2 
invasion by activating Antigen Presenting Cells (APC) 
that involve in COVID-19 (20,21). 

The APCs consist of macrophage, mannose binding 
lectin (MBL), and dendritic cells (DC) are responsible 
of phagocytosis SARS-CoV-2 particles, and to present it 
to the B cells and T cells. DC bridges the innate and 
adaptive immune response through Toll Like Receptor 
(TLR)-3, TLR-7, TLR-8, TLR-9, c-type lectin, dan Pattern 
Recognition Receptors (PRRs) to identify Pathogen 
Associated Molecular Patterns (PAMPs) and viral RNA/
DNA contained in endosome. Moreover, viral RNA 
induces Melanoma Differentiation-Associated gene 
5 (MDA5) receptors and cyclic GMP-AMP nucleotidil 
transferase sintase (cGAS) that are responsible to identify 
viral RNA or DNA in cytoplasm. Both receptors form 
adaptor signaling complex that consist of: TIR-domain-
containing adaptor protein including TNF-β (TRIF), 
Mitochondrial-Antiviral Signaling Protein (MAVS), and 

droplets from respiratory system and secreted to the air. 
The first two routes transmit COVID-19 through droplets 
or contact, while the latter route is transmitted airborne. 
The airborne transmission is associated with tiny droplets 
that last for certain period of time. The droplets could 
migrate into great distance from the infected person (21). 

The transmission of COVID-19 is initiated by virus 
atomization in infected individual to produce droplet 
containing viral spectrum. This droplet atomization 
begins in fluid lining within respiratory tract and it is 
formed from instable and fragmented mucous lining due 
to airflow-inducted shear stress. The size and distribution 
of droplets may vary because fragmentation process 
is relied on mucous as viscoelastic shear-thinning 
fluid. Droplets that were not reabsorbed migrated to 
respiratory airflow and removed through buoyant jet 
phase performed during breathing and talking. The 
speed of secreted droplets transport is in 5m/s speed.  
Small droplets are considered as indirect transmission 
mechanism of COVID-19.

The variants of droplets are: large droplet and small 
droplet. Both kind of droplets are affected by Stokes 
Theory of gravitational and force aerodynamic, which 
the trajectory particles are rely on their size and balance 
force of particles in the air. Gravitational forces are 
associated with enlarged mass and particle size. Large 
droplets tend to be more stable compared to small 
droplets that are more likely to develop into airborne 
(22).

Evaporation of droplets and droplet nuclei consist 
of the differences of droplet evaporation speed are 
influenced by droplet surface saturation vapor pressure, 
humidity, diffusion mass coefficient (the difference of 
speed between droplets and surrounding gas). High 
temperature and low humidity level increases droplet 
evaporation speed that may produce critical size 
droplet. The changes of temperature are also affected by 
survivability of SARS-CoV-2. The airborne transmission 
is associated with micro-size droplet that circulate in the 
air. Droplets may evaporate within seconds to develop 
into droplet nuclei. However, the buoyant turbulent 
expiratory jet may reduce the evaporation rate. Droplet 
nuclei circulate has one hour half-life circulate in the 
air in the form of multiple virions, solid residue, and 
water. The water particle could not be completely 
removed. The transmission is regulated by ambient flow 
and indoor environment so an adequate ventilation is 
needed to control airborne transmission of COVID-19. 

The particles may be directly expelled and indirect 
aerosolization. Particles respiratory tracts could be 
directly expelled from infectious individual through 
coughing, sneezing, or normal breathing. The particles 
size may vary from 0.1 until 100 µm. Infectious agent 
may be indirectly aerosolized by contaminated air. The 
particles that circulate in the air is influenced by their 
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Stimulator of Interferon Genes protein (STING). They 
act synergistically initiate molecular cascade of Myeloid 
differentiation-88 (Myd88) to produce Nuclear Factor 
Kappa Beta (NF-KB), interferon regulatory factor-3 (IRF-
3), interferon αβ, and other pro-inflammatory cytokines 
(22,23). 

NF-KB activate Intracellular Adhesion Molecule-1 
(ICAM-1) to increase vascular permeability and lead 
to vascular edema. Warning signal from DC causes T 
helper (Th) cell to polarize and differentiate into Th1 
and Th2 cells. The Th1 cells are derived from CD4+ 
cells that differentiated into Th1 and Granulocyte 
Macrophage Colony Stimulating Factor (GM-CSF). 
SARS-CoV-2 releases viroporine after being presented by 
DC to activate inflammasome that consist of Nucleotide-
binding domain, leucine-rich-containing-family, pyrin-
domain-containing 3 (NLRP3). The activation of NLRP3 
induces pro Interleukin 1β (pro IL-1β) turns into IL-1β 
(33,34).

The migration of DC from lymph node and differentiate 
into APC induce adaptive immune response to release 
cytokines and chemokines against SARS-CoV-2. 
Cytokines that were released during COVID-19 are: 
Macrophage Inflammatory Protein 1 α (MIP-1α), 
Interferon, IL-1β, IFN-γ, IP-10, Monocyte Chemotactic 
Protein 1 (MCP-1), IL-4, IL-10, Il-2, IL-7, Granulocyte 
Colony Stimulating Factor (GCSF), and TNF-α. 
Chemokines that were released during COVID-19 are: 
CCL-2, CCL-3, CCL-5, CXCL-8, CXCL-9, and CXCL-
10. The signal from APC to B cells are classified as 
adaptive humoral immune response that are indicated 
by increased level of Immunoglobulin G and M (IgG 
and IgM) (24,25,35). 

Pathogenesis of COVID-19, acute respiratory 
distress syndrome (ARDS) leads to Cytokine Storm, 
Multiple Organ Dysfunction Syndrome (MODS), 
and Death
The pathophysiology of cytokine storm, MODS and 
death are initiated with the interaction of Spike1 protein 
with host angiotensin-converting enzyme (ACE)-2 
(36). It is followed by interaction of Spike S2 protein 
subunit transmembrane serine protease 2 (TMPRSS2) 
and cathepsin B/L (CatB/L). After endocytosis or fusion 
with membrane cell surface, the viral genome remains 
in cytoplasm. The viral genome hijack translational 
process of host and produce polyprotein. Virus starts 
to spread to lower respiratory tract through aspiration 
or local infected cells within respiratory tract. The 
spike protein causes immune evasion because is highly 
immunodominant. Immune evasion is caused by 
mutation in N terminal domain (NTD) that is connected 
with escape neutralization (37).

Virus that penetrates into host cell trigger immune 
response, such as: (1) Viral Pathogen-Associated 
Molecular Patterns to produce pro-inflammatory 

cytokines and activation of pattern recognition receptor 
(PRR) by toll-like receptor (TLR). Interleukin-6 (IL-6) was 
released to activate nuclear factor kappa-beta (Nf-κB). 
(2) Inflammation as response to Spike S1 that binds with 
ACE-2. Increased Angiotensin II activate Nf-κB pathway 
through angiotensin type II receptor (AT1R). It produces 
high level of IL-6. AT1R is associated with ADAM10 and 
ADAM17 activation to produce tumor necrosis factor 
(TNF)-α and soluble interleukin 6 receptor (sIL-6Rα). 
That response causes inflammation cascade system 
of Nf-κB and STAT-3 signaling pathways that lead to 
excessive IL-6, which is called IL-6 amplifier (IL-6 AMP). 
The IL-6 AMP causes cytokine storm that leads to acute 
respiratory distress syndrome (ARDS), pneumonia, 
multi-organ dysfunction, and vascular coagulation (37).
The ARDS is manifestation of hyperinflammation 
and leukocytes dysfunction. Hyperinflammation is 
associated with neutrophils that involve to eliminate 
pathogens, while clinically it is associated with severe 
COVID-19 through cytokine storm mechanism. The 
interaction of host with virus is mediated through 
pathogen-associated molecular patterns (PAMPs). Host 
immune system uses pattern recognition receptors 
(PRRs) in immune cells to identify PAMP. The TLR and 
PRR send viral danger-associated molecular patterns 
(DAMPs) signal to identify PAMP. Stimulated TLRs 
eliminate viral infection by activating Nf-κB pathway to 
produce IL-1, tumor necrosis factor (TNF)-α, and IL-6 to 
recruit more leukocyte cells (38,39). 

Neutrophils are classified as innate immune cells 
that has short lifespan. They act as vital effector cells 
due to their ability to quickly eliminate pathogen 
and sensitive to microbial signals. The antimicrobial 
properties of neutrophils are mediated by phagocytosis, 
degranulation, and Neutrophil Extracellular Traps 
(NETs) mechanism. Neutrophils that migrate from 
bone marrow may differentiate into active and inactive 
(quiescent) form. The NET formation is associated with 
large microbial size when ingestion is could not be 
performed. The NETs are produced from DNA fiber and 
protein inside neutrophils granules (40-42). 

Chemoattractant that released by neutrophils recruits 
more neutrophils to eliminate pathogens. The cell 
membrane of neutrophils express receptor complex 
and adhesion molecules against ligands, such as: 
immunoglobulin, and molecule membrane for other 
cells. NET is defined as nucleic acid that form in 
spiderweb-like shape. It is covered by histone to resist 
virus. NET is exclusively developed during fungi and 
bacterial infection, while NETosis was produced for 
viral infection. NETosis is produced through ROS-
independent mechanism involving nuclear chromatin 
lined with protein effector and activation of peptidyl 
arginine deiminase type IV (PAD4) (41,43). 

The envelope part of neutrophil nucleus will 
disintegrate shortly after stimulation to mediate binding 
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can undergo cytokine storm or ARDS depends on their 
adequate immunity to combat COVID-19 invasion 
(28,43).

CONCLUSION

Adequate immune response is required in COVID-19 
infection because its severity is caused by excessive 
level of pro-inflammatory cytokines and chemokines 
that is called as cytokine storm. The storm may trigger 
lung injury and multiple organ dysfunction syndrome 
(MODS). 
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