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Introduction
COVID-19 is a sort of viral pneumonia with an extraordinary 

ϐlare-up in Wuhan, China, in December 2019, which is incited 
with the guide of outrageous intense respiratory disorder 
coronavirus SARS-CoV-2 [1]. COVID-19 is characterized 
by a variety of symptoms, including fever, cough, dyspnea, 
and myalgia in most cases. In severe cases, bilateral lung 
involvement with ground-glass opacity is the commonest 
chest CT ϐinding [2]. Almost like the 2002/2003 outbreak of 
SARS, the severity of COVID-19 disease is related to increasing 
age and/or comorbidity, although the severe disease is not 
limited to those risk groups. 

However, despite the massive number of cases and deaths, 
limited information is out there on the pathogenesis of this 
viral infection [3]. Histological examination of the lungs 
revealed bilateral diffuse alveolar damage (DAD), pulmonary 
edema and hyaline membrane formation, indicative of acute 
respiratory distress syndrome (ARDS), also as characteristic 
syncytial cells within the alveolar lumen, almost like ϐindings 
during the 2002/2003 outbreak of SARS-COV [4]. 

The current focus has been on the event of novel 
therapeutics, including antiviral and vaccines. Accumulating 
evidence suggests that a subgroup of patients with severe 
COVID-19 may need a cytokine storm inhibitor. I recommend 

Abstract 

Background: The development of COVID-19 having been set apart as the third presentation 
of an exceptionally pathogenic coronavirus into the human populace after the extreme intense 
SARS-COV and MERS-COV in the twenty-fi rst century. The infection itself doesn’t make a crucial 
commitment to mortality, anyway “cytokine storm” created by the unreasonable invulnerable 
reaction activated by the virus can result in a hyperinfl ammatory response of lung tissues and 
deadly lung injury, and in this way increment death rate. In this manner, immunomodulatory 
medications ought to likewise be remembered for treatment of COVID-19.

Presentation of the hypothesis: the virus particles invade the respiratory mucosa fi rstly and 
infect other cells, triggering a series of immune responses and the production of cytokine storm 
in the body, which may be associated with the critical condition of COVID-19 patients. Once a 
cytokine storm is formed, the immune system may not be able to kill the virus, but it will certainly 
kill many normal cells in the lung, which will seriously damage the of lung function. Patients will 
have respiratory failure until they die of hypoxia. It is not yet clear what the death rate of Covid-19 
will be, though the best estimate right now is that it is around 1 percent, 10 times more lethal than 
seasonal fl u due to cytokines storm which trigger a violent attack by the immune system to the 
body, cause acute respiratory distress syndrome (ARDS) and multiple organ failure, and fi nally 
lead to death in severe cases of COVID-19 infection. Therefore, inhibiting cytokine storm can 
signifi cantly reduce infl ammatory injury in lung tissues. 

Pyridostigmine (PDG), cholinergic anti-infl ammatory pathway (CAP) is a neural mechanism 
that modulates infl ammation through the release of acetylcholine (ACh), resulting in decreased 
synthesis of infl ammatory cytokines such as TNF-α and IL-1. This fi nding emphasis, the nervous 
and immune systems work collaboratively during infection and infl ammation.

Implications of the hypothesis: Administrations of Pyridostigmine (PDG) as cholinergic 
agonist inhibits the infl ammatory response and lower the mortality of COVID-19 patients. 
Likewise, activation of the CAP during systemic infl ammation down-regulates the production and 
release of infl ammatory cytokines. 
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the identiϐication and treatment of hyper-inϐlammatory 
reaction using existing; approved therapies with proven safety 
proϐiles to deal with the immediate got to reduce the rising 
mortality. The cholinergic anti-inϐlammatory pathway (CAP) 
may be a neural mechanism that modulates inϐlammation 
through the discharge of acetylcholine (ACh), leading to 
decrease synthesis of inϐlammatory cytokines like TNF-α and 
IL-1 [5].

Human coronavirus origins

SARS-COV emerged in humans in 2002 and efϐicient 
human to human transmission resulted during a global 
SARS epidemic which lasted 8 months. During the period of 
infection, there were 8,098 reported cases of SARS and 774 
deaths. This means the virus killed about 1 in 10 people who 
were infected. [6]. Initial studies investigating animal sources 
of the virus from “wet markets” within the Guangdong of 
China suggested that Himalayan palm civets and raccoon dogs 
were the foremost likely hosts liable for human transmission 
[7]; however, the role of bats because the original animal 
reservoir hosts of SARS-COV was speculated as similar viruses 
were detected in them [8,9]. Years later, during ecological 
surveillance of bats within the same region, a SARS-like COV 
that closely matched the human SARS-COV was isolated from 
the Chinese horseshoe bat. However, the precise mechanism 
by which the zoonotic transmission event to humans occurred 
remains not clear. Retrospective studies have found low levels 
of seroprevalence of SARS-like COV in healthy individuals in 
Hong Kong dating back to 2001. Interestingly, in 13 of 17 of 
those seropositive patients, the antibodies responded more 
strongly against the SARS-like-COV isolated from a Himalayan 
palm cat compared to the human SARS-COV isolate [10]. These 
data suggest that low levels of human exposure to zoonotic 
SARS-like COVs occurred before the SARS-COV epidemic that 
began in 2002 but went unidentiϐied. 

MERS-COV emerged in Saudi Arabia in 2012 and continues 
to cause human disease [11]. Dromedary camels are a 
natural reservoir host for MERS-COV. MERS-COV has been 
successfully isolated and cultured from camel specimens [12]. 
Approximately 55% of primary MERS-COV cases are results 
of direct contact with dromedary camels or camel products 
[13]; however, the rest of primary MERS-COV cases haven’t 
any history of contact with camels or infected individuals and 
thus, where they came into contact with the virus is unknown. 
At the end of November 2019, a total of 2494 laboratory-
conϐirmed cases of Middle East respiratory syndrome (MERS), 
including 858 associated deaths (case–fatality rate: 34.4%) 
were reported globally; the majority of these cases were 
reported from Saudi Arabia (2102 cases, including 780 related 
deaths with a case–fatality rate of 37.1% [11]. 

In December 2019, a cluster of pneumonic cases caused by 
a newly identiϐied β-coronavirus occurred in Wuhan, China. 
This coronavirus was initially named because of the 2019- 

novel coronavirus 2019-nCoV) on 12 January 2020 by World 
Health Organization (WHO). 

WHO ofϐicially named the disease as coronavirus disease 
2019 (COVID-19) and Coronavirus Study Group (CSG) of the 
International Committee proposed to call the new coronavirus 
as SARS-CoV-2, both issued on 11 February 2020? The Chinese 
scientists rapidly isolated a SARS-CoV-2 from a patient 
within a brief time on 7 January 2020 and came bent genome 
sequencing of the SARS-CoV-2 [14]. As of 1 March 2020, a 
complete of 79,968 cases of (COVID-19) is conϐirmed in China 
including 2873 deaths [15]. 

Clinical symptoms 

Illness with COVID-19 has ranged from mild to severe. A 
recent study found that the common clinical manifestations 
included fever (88.7%), cough (67.8%), fatigue (38.1%), and 
sputum production (33.4%), shortness of breath (18.6%), 
pharyngitis (13.9%), and headache (13.6%) [2]. In addition, 
a few patients manifested gastrointestinal symptoms, with 
diarrhea (3.8%) and vomiting (5.0%). Fever and cough were 
the dominant symptoms whereas upper respiratory symptoms 
and gastrointestinal symptoms were rare, suggesting the 
differences in viral tropism as compared with SARS-COV 
[16], MERS-COV [17], and inϐluenza [18]. The elderly and 
people with underlying disorders (i.e., hypertension, chronic 
obstructive pulmonary disease, diabetes, and cardiovascular 
disease), developed rapidly into acute respiratory distress 
syndrome even resulting in the death [19].

Coronavirus replication

Coronavirus is single-stranded RNA virus, about 120 
nanometers in diameter. Their resemblance to the sun with a 
corona, as seen during an eclipse, is thanks to so-called spike 
glycoproteins, or peplomers, on the surface, which enable 
coronaviruses to enter host cells. SARS-CoV-1 and SARS-
CoV-2, which share about 80% structural identity, do that by 
harnessing the action of the angiotensin-converting enzyme, 
ACE-2, which is expressed within the membranes of many 
cells within the body, including lung alveolar epithelial cells. 
SARS-CoV19 isolated from the bronchoalveolar lavage ϐluid of 
the patient [1]. 

The virion S-glycoprotein on the surface of coronavirus 
can attach to the receptor, ACE2 on the surface of human cells 
[20]. S glycoprotein includes two subunits, S1 and S2 [21]. S1 
determines the virus-host range and cellular tropism with the 
key function domain, while S2 mediates virus-cell membrane 
fusion by two tandem domains (HR1) [22] and HR2 [23]. 
After membrane fusion, the viral genome RNA is released into 
the cytoplasm, and therefore, the uncoated RNA translates 
two polyproteins, pp1a and pp1ab [24], which encode non-
structural proteins, and form replication-transcription 
complex (RTC) in double-membrane vesicle [25]. Continuously 
(RTC) replicates and synthesize a nested set of sub-genomic 
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RNAs [26], which encode accessory proteins and structural 
proteins. Mediating endoplasmic reticulum (ER) and Golgi 
[27], newly formed genomic RNA, nucleocapsid proteins, 
and envelope glycoproteins assemble and form viral particle 
buds. Lastly, the virion-containing vesicles fuse with the cell 
wall to release the virus. Thus, in COV 19 pathogenesis, renin-
angiotensin signaling (RAS) acts as a double edge sword, as 
a receptor for the virus entry and a negative regulator for 
severe symptoms of infection and lung injury [28, 29].

Immune responses induced by COVID-19 infection 

Cytokines are small molecules of proteins, peptides, or gly-
coproteins, produced as soluble factors by a spread of distinct 
cells, including all cells of the body system, also as endothe-
lial, epithelial, and stromal cells [30]. Cytokines are involved 
in nearly every response to immunity, inϐlammation, and in-
fection stimuli. Their function is triggered in such processes 
as proliferation, chemotaxis, mediation of inϐlammatory re-
sponses, homeostasis, differentiation, elimination of patho-
gens, and necrobiosis [31]. During the incubation and non-se-
vere stages, a selected adaptive immune reaction is required 
to eliminate the virus and to preclude disease progression to 
severe stages. 

Genetic differences are well-known to contribute 
to individual variations within the immune reaction to 
pathogens. However, when a protective immune reaction is 
impaired, the virus will propagate and massive destruction of 
the affected tissues will occur, especially in organs that have 
high ACE2 expression, like intestine and kidney. The damaged 
cells induce within the lungs that are largely mediated by pro-
inϐlammatory macrophages and granulocytes. 

Lung inϐlammation is the main explanation for life-
threatening respiratory disorders at a severe stage [4]. 
Alarmingly, after discharge from the hospital, some patients 
remain/return viral positive even relapse. This means that a 
virus-eliminating immune reaction to SARS-CoV-2 could also 
be difϐicult to induce at least in some patients. Scientists and 
clinicians have learned much of COVID-19, and its pathogenesis 
[1]: not all people exposed to SARS-CoV-2 are infected and 
not all infected patients develop severe respiratory illness. 
Accordingly, SARSCoV-2 infection can be roughly divided into 
three stages: stage I, an asymptomatic incubation period with 
or without detectable virus; stage II, non-severe symptomatic 
period with the presence of virus; stage III, severe respiratory 
symptomatic stage with high viral load [32]. 

Dynamic of a cytokine storm

Hence, virus-cell interactions produce a various set of 
immune mediators against the invading virus [33]. Natural 
immunity is required during a precise regulation to eliminate 
the virus; otherwise it will end in immunopathology. Plasma 
cytokines and chemokines were observed ascended in 
COVID-19 patients, including IL-1, IL-2, IL-4, IL-7, IL-10, IL-

12, IL-13, IL-17, GCSF, macrophages colony-stimulating factor 
(MCSF), IP-10, MCP-1, MIP-1α, IFN-γ and TNF-α [19,34,35]. 

Collectively, the virus particles invade the respiratory 
mucosa ϐirstly and infect other cells, triggering a series of 
immune responses and therefore the production of cytokine 
storm within the body, which can be related to the critical 
condition of COVID-19 patients. I’m suggesting that mortality 
could be thanks to virally driven hyperinϐlammation. One 
among the most mechanisms for (ARDS) is that the cytokines 
storm, the deadly uncontrolled systemic inϐlammatory 
response resulting from the discharge of huge amounts of 
pro-inϐlammatory cytokines (IFN-α, IFN-γ, IL-1β, IL-6, IL-12, 
IL-18, IL-33, TNF-α, TGFβ, etc.) and chemokines (CCL2, CCL3, 
CCL5, CXCL8, CXCL9, CXCL10, etc.) by immune effectors cells 
in SARS-COV infection [19,36,37]. Almost like those with 
SARS-COV, individuals with severe MERS-COV infection show 
elevated levels of IL-6, IFN-α, and CCL5, CXCL8, CXCL-10 in 
serum compared to those with the mild-moderate disease [38]. 

The cytokines storm will trigger a violent attack by the 
immune system, cause ARDS and multiple organ failure, 
and eventually cause death in severe cases of SARS-CoV-2 
infection, a bit like what occurs in SARS-COV and MERS-COV 
infection [39].

Histopathological fi nding of COVID-19

Histologically, the lung is an organ composed of quite 
40 differing types of cells [40]. Alveolar epithelial cells (or 
pneumocytes) are irreplaceable in their important role in lung 
homeostasis. The ends of the respiratory tree, the lung alveoli, 
are lined with two sorts of alveolar epithelial cells: type I 
(AECI), also referred to as pneumocytes type I; and alveolar 
epithelial cells type II (AECII), also referred to as pneumocytes 
type II. Type I pneumocytes cover 90–95% of the alveolus. 
AECI is squamous, extremely ϐlattened epithelial cells that 
form an entire, thin lining. These ϐlat cells are liable for oxygen 
and CO2 exchange between the airspace and therefore the 
underlying capillaries and express protein transport that 
maintains ϐluid homeostasis. Against this, AECII covers just 
7% of the entire alveolar surface. Pneumocytes type II is 
typical cuboidal granular cells. They contain lamellar bodies in 
their cytoplasm that synthesize and secrete such pulmonary 
surfactant and immunomodulatory molecules as products of 
the complement system, cytokines, lysozymes, and surfactant 
proteins (SPs) SP-A and SP-D (C-type lectins) involved in host 
defense. AECII is liable for epithelium repair. They function as 
stem cells for type I cell and may repopulate type I after insult 
[41,42]. 

Tissue samples from the lung, liver, and heart tissue of 
the patient histologically showed bilateral diffuse alveolar 
damage with cellular ϐibro-myxoid exudate. The proper 
lung showed evident desquamation of pneumocytes and 
hyaline membrane formation, indicating acute respiratory 
distress syndrome. The left lung tissue displayed pulmonary 
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edema with hyaline membrane formation, implication 
early-phase ARDS. Interstitial mononuclear inϐlammatory 
inϐiltrates, dominated by lymphocytes, was seen in both 
lungs. Multinucleated syncytial cells with atypical enlarged 
pneumocytes Characterized by large nuclei, amphophilic 
granular cytoplasm, and prominent nucleoli were identiϐied 
within the intra-alveolar spaces, showing viral cytopathic-
like changes. No obvious intra-nuclear or intra-cytoplasmic 
viral inclusions were identiϐied. The pathological features of 
COVID-19 greatly resemble those seen in SARS and Middle 
Eastern respiratory syndrome (MERS) coronavirus infection. 
Additionally, the liver biopsy specimens of the patient with 
COVID-19 showed moderate micro-vesicular steatosis and 
mild lobular and portal activity, indicating the injury could are 
caused by either SARS-CoV-2 infection or drug-induced liver 
injury. There have been a couple of interstitial mononuclear 
inϐlammatory inϐiltrates, but no other substantial damage 
within the heart tissue [43-45].

Treatment 

The above studies indicate that through inhibiting 
cytokine activation, excessive inϐlammatory reaction in 
lung tissues induced by SARS-CoV-2 can be inhibited, and 
as a result, lung tissue injury can be mitigated, and the 
mortality can be reduced. The children always experience 
mild-moderate clinical illness, elderly individuals exhibit 
worse outcomes after infection with SARS-CoV-2, further 
indicating that mature excessive immune reaction towards 
these pathogenic human coronavirus infections play a key 
role in inducing severe pulmonary syndrome and even organ 
failure. Speciϐic new drugs targeted SARS-CoV-2 may take 
an extended time to evaluate and develop. At this critical 
moment, several marketed drugs to focus on the inϐlammatory 
storm and reduce immunopathology might be considered. 
The cholinergic anti-inϐlammatory pathway (CAP) may be 
a neural mechanism that modulates inϐlammation through 
the discharge of acetylcholine (ACh), leading to decreased 
synthesis of inϐlammatory cytokines like TNF-α and IL1 [46]. 

The mechanisms underlying CD4+ T-cell lymphopenia 
in patients infected with SARS-CoV-2 are incompletely 
understood. Nonetheless, persistent immune activation, 
observed even in patients with suppressed viral replication, 
is considered a critical factor for CD4+ T-cell depletion 
[47]. Variety of pharmacological strategies, including 
hydroxychloroquine, statins, cyclosporine A, mycophenolic 
acid, and rapamycin, have unsuccessfully tried to enhance 
the cellular response as HIV patients [47,48]. Pyridostigmine 
act as immune modulator is a reversible acetylcholinesterase 
inhibitor that is FDA-approved for treating myasthenia gravis 
and reversing the effects of muscle relaxants. It has also 
been used in the military as a pretreatment for exposure to 
the chemical nerve agent Soman. Pyridostigmine works by 
inhibiting the acetylcholinesterase (AChE) enzyme from 
breaking down the neurotransmitter acetylcholine (ACh), and 
thereby increases the bioavailability of (Ach) and enhances 

the transmission of nerve impulses at neuromuscular 
junctions. In a previous report, Pyridostigmine (PDG) is 
able to modulate T-cell activation as reϐlected by cytokine 
production and cell proliferation in patients with HIV 
infection [49]. Supported those ϐindings, we hypothesized that 
T-cell modulation through enhanced (Ach) availability could 
improve CD4+ T-cell counts in patients with HIV infection that 
had done not accomplish adequate immune reconstitution. 
The nervous system senses cytokines and other inϐlammatory 
signals and responds, through an anti-inϐlammatory reϐlex, 
via the vagus. Accordingly, electrical stimulation of the 
vagus, or administration of cholinergic agonists, inhibit the 
inϐlammatory response and lower the mortality of SARS-
CoV-2 infection patient as and other cytokine-mediated 
inϐlammation by inducing or facilitating the cholinergic anti-
inϐlammatory pathway (CAP) [50]. Likewise, activation of 
the CAP during systemic inϐlammation down-regulates the 
assembly and release of inϐlammatory cytokines [51].

The implication of the hypothesis

The immune system is unable to adapt at the same rate 
as microbes, and so pharmaceuticals have been developed to 
support the body’s defenses, such as antibiotics and antiviral. 
Therefore, attention must be turned to immunomodulators 
as a therapeutic approach to enhance the efϐicacy of 
antimicrobials. Unfortunately, generically enhancing the 
broad immune response can sometimes worsen the outcome 
of the disease. By modulating rather than up regulating the 
immune response via mechanisms such as the cholinergic 
anti-inϐlammatory pathway, the damaging positive feedback 
loops of infection and cytokine storms can be prevented.

From previous data collected from different kinds of 
literature. I am suggesting that Pyridostigmine (PDG) may 
improve the number of circulating CD4+ T-cells and reduce 
the release of inϐlammatory cytokines. Therefore, lung tissue 
damage will decrease in COVID-19 infected patient even not 
need to breathing support, such as mechanical ventilation.
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