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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the pathogen of coronavirus disease 2019 (COVID-19), the presentation of patients with extremely low blood oxygenation, but no sensation of dyspnea and can suffer sudden death after voluntary “breaks” from the oxygen supplementation. Recognizing “happy hypoxia” as a feature of COVID-19 pneumonia has been associated with neurological syndromes such as meningoencephalitis, ischemic stroke, encephalopathy, Guillain-Barré syndrome (GBS), acute necrotizing encephalopathy, and acute disseminated encephalomyelitis (ADEM) and possible mechanisms implicated in these neurological conditions are neuronal injury associated with direct virus infection, hyperinflammation syndrome associated with cytokine storm, a para- or post-infectious inflammatory disease, an immune-mediated disease, or a secondary process due to severe effects of a systemic disorder (sepsis, hyperpyrexia, hypoxia, hypercoagulability, critical illness).

The wide expression of the ACE2 receptor in the epithelial cells of the oral and nasal mucosa suggests that the virus-related damage caused by SARS-CoV-2 in these sites is linked to the effects of the virus on the function of the ACE2 receptor, the roles of Furin and the transmembrane protease serine 2 (TMPRSS2) in this process. SARS-CoV-2 directly damages the olfactory receptor neurons, since these cells seem to express ACE2, but not TMPRSS2 or Furin. Neuro-immune pathway functions bidirectionally, where afferent neurons respond to immune signals at the periphery, and the efferent neurons promote the interaction between the brain and the periphery. This inflammatory reflex has been discussed the viral invasion reaching the CNS through the olfactory bulb modulates brain cytokines in the brainstem, which could be related to elevation in the body temperature as well as disease progression.

Chemical transmission between neurosecretory cells is a central biological phenomenon. Detecting neurotransmitter molecules released in the brain or in cell cultures is key to understanding how, when, and where chemical transmission occurs. Carbon fiber microelectrodes provide a common basis for detecting not only dopamine but also a wide variety of neurotransmitters ranging from biogenic amines, purines, and amino acids to free radicals and peptides. Researchers suggests that the virus may gain access to the brain via the forebrain’s olfactory bulb, which is important for the processing of smell. Loss of smell is a symptom in many patients with COVID-19. The olfactory bulb is rich in the chemical dopamine, which is important for pleasure, motivation and action. It may be that COVID-19 alters the levels of dopamine and other chemicals, such as serotonin and acetylcholine, in the brain and all these chemicals are known to be involved in attention, learning, memory and mood, that are commonly experienced by COVID-19 patients. Aggression & COVID-19 has emerged as a global public health crisis & threats. Aggression in humans may be associated with decreased functioning in orbital and dorsolateral prefrontal cortical areas, and increased functioning in medial temporal (especially amygdala) brain regions. All neuronal pathways are complex. Studies showed that aggression in humans is due to decreased level of serotonin neurotransmitter. The polymorphic genetic variants of the serotoninergic system are deeply affected by genetic predisposition that alters serotonin levels in the central & peripheral nervous system i.e., rate of serotonin production, synaptic release & pathways. Humans, only six common genes are present in adults & children GWAS sets i.e., ALK, LAMA2, NFKBI, OSMR, RBFOXI & WDR62. Out of these sets only one RBFOXI splicing factor is responsible for many development and psychiatric disorders and aggression.
Incidence and severity of COVID-19 are closely related to abnormal metabolism of inorganic salts. Serum sodium shows a decrease trend in CODIV-19 development . Hyponatremia (low blood sodium concentration) as well as low concentrations of potassium and calcium in the blood serum are also associated with COVID-19 . The functional inhibition of relevant lung enzymes and ion channels may disturb AFC (alveolar fluid clearance), thus resulting pulmonary edema in COVID-19 patients. AQP-5 protein, present in the apical membranes of AT-I cell of alveolar epithelium, can regulate the transport of water molecules and promotes the clearance of surplus fluid in alveoli and keeps alveolar space dry. The expression of AQP-5 is regulated by inflammatory cytokines, like TNF-α, elevated in the plasma of critical COVID-19 patients . AQP-5 expression significantly declined during pulmonary inflammation and edema, and TNF-α decreased AQP5 mRNA and protein expression levels via TNFR1 and NF-κB pathway. During the infection of SARS-CoV-2, RAS, BK and hyaluronic acid (HA) are all involved in the regulation of AFC and the formation of pulmonary edema. Bradykinin (BK) is an important cellular mediator that causes vasodilatation and leaky blood vessels, leading to vascular leakage and edema . BK is generated by cleavage of high-molecular-weight kininogen (HMWK) from plasma-kallikrein and binds to the BKB2 receptor, and thus results vascular hemorrhage. Inhibition of ACE2 by SARS-CoV-2 impairs the hydrolysis of des-arg9-bradykinin. Therefore, the excessive release and decreased hydrolysis of BK through activating BKB1 and BKB2 receptors result in extra vascular leakage and pulmonary edema, Inflammatory cytokines and inflammatory storm in COVID-19 patients can strongly induce the expression of HA-synthase-2 (HAS2), while hyaluronidase level decreases, resulting in the accumulation of HA and inducing ARDS and pulmonary edema. The decreased expression of alveolar Na-K-ATPase, misregulation of sodium, potassium, AQP, and RAS channels and abnormal metabolism of BK and HA can all lead to lung liquid clearance failure and pulmonary edema, resulting in severe lung damage and ARDS in COVID-19 patients
Brain and lung crosstalk during COVID-19 infection concerning the neuroprotective property of ACE2, its downregulation may disturb the balance of neurotoxicity/neuroprotection inside the brain. Increase of inflammatory cytokines during lung injury, hypoxemia, and elevation of sympathetic tone through ACE2 downregulation leads to CNS hyperactivation which might play a crucial role in the etiopathogenesis of neurogenic pulmonary edema.
 An unusual pattern of marked CSF inflammation in which soluble markers were increased but white cell response and other immunologic features typical of CNS viral infections were absent. Features distinguish COVID-19 CSF from other viral CNS infections and raise fundamental questions about the CNS pathobiology of SARS-CoV-2 infection. CSF biomarkers of intrathecal inflammation (CSF white blood cell count, neopterin, β2-microglobulin, and immunoglobulin G index), blood-brain barrier integrity (albumin ratio), and axonal injury (CSF neurofilament light chain protein [NfL]) were studied in patients with moderate to severe coronavirus disease 2019 (COVID-19) and neurologic symptoms. CSF neopterin (median 43.0 nmol/L) and β2-microglobulin (median 3.1 mg/L) were increased in all. Median immunoglobulin G index (0.39), albumin ratio (5.35), and CSF white blood cell count (<3 cells/µL) were normal in all, while CSF NfL was elevated. The ratio of albumin in cerebrospinal fluid (CSF) to serum may serve as an index of the integrity of the blood-CSF barrier, with increases in this ratio indicating increased permeability. The ratio of immunoglobulin G (IgG) in CSF to serum (divided by the albumin ratio to correct for variance in blood-CSF permeability) represents an index of the endogenous production of IgG in the central nervous system (CNS), with increases reflecting a possible infectious and/or autoimmune process stimulating central IgG synthesis.
Molecular docking technology was used to analyze the binding part of viral proteins to the porphyrin. The study results show that some viral proteins could combine to the porphyrin to form a complex and at the same time, orf1ab, ORF3a, and ORF10 proteins could coordinate attack the heme on hemoglobin. Deoxyhemoglobin is more vulnerable to virus attacks than oxidized hemoglobin.The attack will lead to less hemoglobin to carry oxygen and carbon dioxide. Patients with respiratory distress will be made worse. Lung cells are toxic and inflammatory due to derivatives produced by the attack, which eventually resulted in ground-glass-like lung image. Capillaries easily were broken due to inflammation. Proteins such as fibrinogen fill the capillaries' cracks through the coagulation reaction. Therefore, many fibrin accumulates in the alveolar tissue of the patient. As the porphyrin complexes of the virus produced in the human body, the mechanism also interfered with the normal heme anabolic pathway of the human body, they made a wide range of infection and disease. The virus may first infect cells with ACE2 receptors, including immune cells. Immune cells produced antibodies and viral proteins. Antibodies and red blood cells generated immune hemolysis, or red blood cells were infected by Spike-CD147 pathway. Hemoglobin was attached and then attacked. The toxic and inflammatory mediators are due to derivatives produced by the attack. The virus also captured porphyrin and inhibited heme metabolism and cytokine storm causes multiple organs failure.
Two plasma biomarkers of CNS injury by single molecule array, neurofilament light chain protein (NfL; a marker of intra-axonal neuronal injury) and glial fibrillary acidic protein (GFAp; a marker of astrocytic activation/injury), detect the nature of COVID-19–related CNS damage and its relation to both clinically defined CNS events such as hypoxic and ischemic events and mechanisms more closely linked to systemic severe acute respiratory syndrome coronavirus 2 infection and consequent immune activation. The clinical utility of monitoring plasma NfL and GFAp to predict the neurochemical evidence of neuronal injury and glial activation in patients with moderate and severe COVID-19. Severe COVID-19 had higher plasma concentrations of GFAp and NfL, while GFAp was also increased in patients with moderate disease. In patients with severe disease, an early peak in plasma GFAp decreased on follow-up, while NfL showed a sustained increase from first to last follow-up, perhaps reflecting a sequence of early astrocytic response and more delayed axonal injury.
Sympathetic hyperactivation is an important component of the autonomic dysregulation in the setting of infections and related hyper-inflammatory release syndromes. Sympathetic hyperactivation might be of particular significance for injury to the cardiovascular system.Infections and danger-associated molecular patterns (DAMPs) can activate immune cells to produce inflammatory cytokines. In turn, these inflammatory cytokines can activate the afferent sensory vagus nerve that transmits the information to the central nervous system where it is processed. If needed, the central nervous system can activate the efferent vagus nerve to control inflammation by inhibiting the production of inflammatory cytokines in macrophages. Acetylcholine (ACh), the principal neurotransmitter of the vagus nerve, is well studied as a critical neurotransmitter but ACh also modulates immune cells. Acetylcholine is well conserved across evolution and is used by the nervous system to regulate organ function and physiological homeostasis including the immune system and inflammation. ACh inhibits the production of inflammatory cytokines in macrophages specifically via α7 nicotinic ACh receptors (α7nAChR). Specific inhibition of α7nAChR in human macrophages causes overzealous production of inflammatory cytokines and prevents the potential of either ACh or nicotine to inhibit the production of inflammatory cytokines in human macrophages. Electrical stimulation of the vagus nerve in rodent models induces the production of ACh and inhibits systemic inflammation for wild-type but not α7nAChR-KO mice with experimental sepsis induced by either endotoxemia or polymicrobial peritonitis. Acute lung injury and ARDS are often derived from sepsis-induced pulmonary inflammation and alveolar injury to the lungs as a result of mechanical ventilation (ventilator-induced lung injury) is enhanced by concomitant inflammation. Surgical vagotomy in animals undergoing mechanical ventilation increased alveolar damage that is associated with robust production of inflammatory cytokines such as IL-6 . Therefore, electrical or pharmacological vagal nerve activation attenuates lung injury by modulating the inflammatory response and subsequently cellular damage and organ injury and failure. Finally, vagus nerve stimulation (VNS) also eases the downstream effects of cytokine activation on systemic coagulation in rodent models . This supports the current prevailing concept that dysregulated endothelial inflammation upregulates thrombin generation in COVID-19-associated thrombus formation. Patients with an increased vagal tone might be protected from a cytokine release syndrome. The observation of lower rates of symptomatic COVID-19 infections in active smokers potentially suggests that active nicotine exposure activates the cholinergic anti-inflammatory pathway, previously shown to be protective in various infectious illnesses, despite the deleterious effects of tobaccos use.  A milder COVID-19 disease course in children, who have a naturally higher vagal tone , even in an infectious setting, could support the significance of the cholinergic anti-inflammatory pathway uniquely in COVID-19 patients.

Targeting the Cholinergic Anti-inflammatory Pathway via Vagus Nerve Stimulation, reduced blood C-reactive protein (CRP) and significantly lowered serum levels of inflammatory cytokines such as TNF-α and IL-6 in patients after 3 months of treatment. Clinically, VNS can be achieved pharmacologically or electrically via invasive cervical vagal stimulation or non-invasively via the ear or by electroacupuncture. Importantly, nAChR plays a role in the expression of ACE2 , which has been identified as the key target receptor of SARS-CoV2 . Thus, vagal stimulation can potentially prevent SARS-CoV2 propagation by inhibiting ACE2 expression. Ongoing and future efforts will determine the potential utility of autonomic nerve modulation in the prevention and treatment of COVID-19.
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