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Abstract
Among the plethora of debilitating neurological disorders of COVID-19 syndrome in survivors, the scope of SARS-CoV-2-

induced dysautonomia (DNS) is yet to be understood, though the implications are enormous. Herein, we present an inclusive

mini-review of SARS-CoV-2-induced DNS and its associated complications. Although, the direct link between Covid-19 and

DSN is still speculative, the hypothetical links are thought to be either a direct neuronal injury of the autonomic pathway or a

para/post-infectious immune-induced mechanism. SARS-CoV-2 infection-induced stress may activate the sympathetic nervous

system (SNS) leading to neuro-hormonal stimulation and activation of pro-inflammatory cytokines with further development

of sympathetic storm. Sympathetic over-activation in Covid-19 is correlated with increase in capillary pulmonary leakage, alve-

olar damage, and development of acute respiratory distress syndrome. Furthermore, SARS-CoV-2 can spread through pul-

monary mechanoreceptors and chemoreceptors to medullary respiratory center in a retrograde manner resulting in

sudden respiratory failure. Taken together, DSN in Covid-19 is developed due to sympathetic storm and inhibition of

Parasympathetic nervous system-mediated anti-inflammatory effect with development of cytokine storm. Therefore, sympa-

thetic and cytokine storms together with activation of Renin-Angiotensin-System are the chief final pathway involved in the

development of DSN in Covid-19.
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1. Introduction
Dysautonomia (DSN) is a neurological disorder caused by
dysfunction of autonomic nervous system (ANS) that affect
the functions of heart, bladder, sweat gland, pupils, intestines,
and other autonomic functions (Chakraborty et al., 2020).
DSN is of two types, the primary type, which is also called
inherited or neurological type while the secondary type is
acquired due to various diseases including diabetes mellitus,
autoimmune disease, toxicity, and alcoholism (Axelrod,
2004). DSN could be part of neuropathic disorders, which
are somatic, sensory, or mixed in different neurological disor-
ders as in multiple system atrophy, Parkinson disease, Lewy
body dementia, autonomic failure, autonomic gangliopathy,
and orthostatic tachycardia syndrome (Shoenfeld et al.,
2020). Both sympathetic nervous system (SNS) and parasym-
pathetic nervous system (PSNS) are affected in DSN leading
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to sympathetic storm and abnormal autonomic response such
as abnormal sweating, exercise intolerance, insomnia, resting
tachycardia, postural hypotension, fatigue, urinary and bowel
dysfunctions (Martínez-Lavín, 2015; Murta et al., 2020).

DSN is mainly diagnosed by the measurement of heart rate
(HR) and blood pressure (BP) at lying position and three
minute at standing position, however autonomic response
reflexes such as sudomotor response and thermoregulatory
sweat test are more diagnostic (Sealey & Lui, 2004).

The associated comorbidities of coronavirus disease 2019
(COVID-19), such as hypertension, chronic lung disease,
kidney diseases, heart failure, diabetes mellitus, and obesity
are linked with increased sympathetic nerve activity
(Carnagarin et al., 2019; Díaz et al., 2020). Furthermore, as
part of its extra-pulmonary manifestations, COVID-19 infec-
tion may also heighten the sympathetic discharge through
emotional distress, changes in blood gases, immune/inflam-
matory factors or angiotensin-converting enzyme (ACE)1/
ACE2 imbalance (Gurwitz, 2020; Porzionato et al., 2020;
Zhang et al., 2020). In both cases, the heightened sympathetic
stimulation in COVID-19 patients may be classified into a
short or long term “Post-COVID-19” DSN (Porzionato
et al., 2020). Post-COVID-19 DSN is not well understood
aspect of present COVID-19 pandemic, with clinical features
that overlay and overlap with autonomic and motor-sensory
symptoms. Initial and early systematic analysis of DSN in
COVID-19 is mostly missing and may provide early insight
into the spectrum and range of this condition (Shouman
et al., 2021).

Also, several studies and reviews have reported the neuro-
invasive nature of SARS-CoV-2 that further results in neuro-
logical complications including DSN (Leonardi et al., 2020;
Paniz-Mondolfi et al., 2020; Rogers et al., 2020; Troyer
et al., 2020), but the main link in SARS-CoV-2-induced
DSN is still speculative. Deconditioning in COVID-19
patients was initially thought as a mechanism for the associ-
ated DSN (Dani et al., 2021), other reports argued against
the thought (Goodman et al., 2021a), suggesting a direct neu-
ronal injury of autonomic pathway or indirect immune-
mediated mechanisms . Therefore, in this literature review
we present an inclusive perspective of
SARS-CoV-2-induced DNS and its associated complications.

2. Methods
We performed an extensive literature search covering the
period up to September 2021 using the MEDLINE/PubMed
electronic database with the following search strategy: key
words “SARS-CoV-2”. When we used the key words
“SARS-CoV-2 AND neurodegenerative disease” a total of
515 papers were found. A further use of “SARS-CoV-2
AND Dysautonomia”, gave a total of 41 papers while
“COVID-19 AND Dysautonomia”, gave a total of 57
papers. The literatures identified were divided into clinical
trials: 2, Case reports: 32, Commentaries: 9 and Reviews:

14. English-language original publications and letters to
editors between January 2020 and July 2021 were selected
for the study; also review papers’ references and textbook
chapters were consulted especially for “viral infection and
Dysautonomia”

3. Results

3.1 Viral Infection and Dysautonomia
It has been reported that autonomic dysfunction or DSN is
associated with various viral infections including human
immune deficiency virus (HIV), herpes viruses, enterovirus 71,
flavivirus and human T-lymphotropic virus. Manifestations of
viral infections-induced-DSN are of wide-spectrum such as loss
of heart rate variability in HIV, hypersalivation, photophobia,
dyspnea, and piloerection in rabies (Carod-Artal, 2018).
Osztovits et al., confirmed the association between chronic hepa-
titis C virus and development of autonomic dysfunction
(Osztovits et al., 2009). There is a strong association between
early respiratory syncytial virus infection and loss of heart
rate variability and baroreflex sensitivity that cause cardio-
pulmonary complications in the neonates (Stock et al.,
2010). Previous experimental report demonstrated that
West Nile virus could cause autonomic dysfunctions includ-
ing gastrointestinal, respiratory and cardiovascular compli-
cations (Wang et al., 2011). Indeed, Epstein-Barr virus
(EBV) infection may lead to DSN through alteration of
cerebral autoregulation by high nitric oxide release with
subsequent ANS dysfunction(Sternberg, 2012).

In DSN, both SNS and PSNS neurotransmitters are
involved, however, selective cholinergic DSN has been
observed in infection with EBV due to the development of
auto-antibodies that affect muscarinic cholinergic receptor
with progression of post-ganglionic DSN (Palma et al.,
2020). Complex regional pain syndrome and DSN have
been reported in a 14 year female due to selective adrenergic
DSN caused by auto-antibodies against β-2 adrenoceptors
(Hendrickson et al., 2016).

Notably, the level of ANS control is regulated by hypothal-
amus, cerebral cortex, reticular formation and limbic system,
therefore, viral infections that cause meningitis and/encephalitis
may disturb central autonomic dysfunction leading to DSN
(Silverman et al., 2005). In some neurotropic viruses, involve-
ment of peripheral autonomic neurons adjacent to the affected
viscera may affect autonomic circuits and reflexes leading to
autonomic dysfunction (Feng et al., 2020). Therefore, both
central and peripheral parts of ANS are affected during
severe viral infections, suggesting a causal relationship
between viral infection and autonomic dysfunction with subse-
quent development of DSN (Smeraski et al., 2004). These
verdicts suggest that viral infections could cause DNS
through dysregulation of central and peripheral circuit of ANS.
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3.2 COVID-19 and Dysautonomia
The coronavirus shares a commons feature of neuroinvasion.
Great similarities have been seen between SARS-CoV and
SARS-CoV-2 (Khatoon et al., 2020). These neurotrophic
viruses have multiple routes including direct and indirect
pathway (Khatoon et al., 2020). In the direct mechanism,
SARS-CoV-2 reaches the ANS by employing the retrograde
axonal transport via the olfactory nerve (Li et al., 2020),
ACE2 in brainstem (Baig et al., 2020), systemic blood circu-
lation (Baig et al., 2020), immune injury (Wu & Yang, 2020),
and neuronal pathways (McGavern & Kang, 2011), while the
virus may indirectly invade the ANS via the enteric nervous
system (ENS) and its sympathetic afferent neurons by infect-
ing the gastrointestinal tract (Toljan, 2020).

Acute lung injury (ALI) and acute respiratory distress syn-
drome (ARDS) usually dominate the clinical presentation of
Covid-19, but recently it is clear that this pandemic affects a
wide variety of organs through development of DSN (Lo,
2021). SARS-CoV-2 infection-induced stress may activate
SNS leading to neuro-hormonal stimulation and activation
of pro-inflammatory cytokines with development of features
of sympathetic storm leading to sweating, tachycardia, and
tremor (Porzionato et al., 2020). Sympathetic overstimulation
and/or storm in Covid-19 occurs due to different factors
including hypoxia, emotional factors, immunological/
pro-inflammatory factors and high angiotensin II level that
results from the imbalance between angiotensin converting
enzyme 2 (ACE2) and angiotensin converting enzyme
(ACE) axis (Porzionato et al., 2020). The down-regulation
of ACE2 by SARS-CoV-2 is known to induce overactivation
of AngII, which increase sympathetic stimulation and
outflow, through the central pathway at subfornical and area
postrema, and/or the peripheral pathway through activation
of carotid bodies (Karahan et al., 2021). Additionally, the
down-regulation of ACE2 by SARS-CoV-2 in the solitary
tract nucleus due to neuro-invasive effect of SARS-CoV-2
may further increase AngII and sympathetic stimulation
(Dey et al., 2021). Furthermore, hypercytokinemia mainly
IL-6 is associated with sympathetic stimulation and worsen-
ing of Covid-19 severity (Mastitskaya et al., 2021).

3.2.1 COVID-19 And sympathetic stimulation. It has been
reported that peripheral hypoxic chemo-sensitive pathway is
a common way for sympathetic over-activation in various
cardio-pulmonary disorders (Porzionato et al., 2013).
Sympathetic over-activation in Covid-19 is correlated with
more tissue injury, complications, and mortality. It increases
capillary pulmonary leakage, alveolar damage, and develop-
ment of ARDS in Covid-19 (Matsushita et al., 2020).
Marvar et al., illustrated that sympathetic stimulation leads
to vascular inflammation and T cells activation in mice
(Marvar et al., 2010). Therefore, sympathetic ablation pre-
vents immune activation and release of pro-inflammatory
cytokines in AngII-induced hypertension in murine model

(Xiao et al., 2015). In contrast, the activation of PSNS is asso-
ciated with the inhibition of the release of tumor necrosis
factor-alpha (TNF-α) from activated macrophages (Huston
et al., 2006). Ylikoski et al., reported significant dysfunction
of PSNS with dominant effect of SNS due to brain stem
involvement (Ylikoski et al., 2020). Thus, imbalance of
SNS/PSNS axis of ANS may affect release of
pro-inflammatory cytokines and immune-inflammatory
response in Covid-19. In this context, high circulating cate-
cholamine levels may reflect sympathetic-mediated neutro-
philia and T cell dysfunction in Covid-19 due to
sympathetic storm (Tomar et al., 2020) (Figure 1).

Moreover, in Covid-19 patients with underlying comorbid-
ities that are characterized by high sympathetic activity such
as diabetes mellitus and hypertension, in combination with
hyperinflammation and hypoxia may increase life-threatening
complications such as arrhythmia, cardiac arrest, and acute
myocardial infarction (Al-kuraishy et al., c 2021).
Development of Covid-19 severity is linked with sympa-
thoexcitation or sympathetic storm and vagal suppression
could contribute into fatal Covid-19 complications like cyto-
kine storm (Díaz et al., 2020). Thus, it is proposed that vagal
and PSNS stimulation might be useful in Covid-19 patients
through modulation of sympathoexcitation and inhibition
release of pro-inflammatory cytokines (Del Rio et al.,
2020). Yang et al., illustrated that cholinergic agonists sup-
press inflammation through inhibition of endocytosis and
inflammatory signals such as high mobility group protein 1
(HMGB1) (Yang et al., 2019a). In addition, molecular
docking study observed that nicotinic acetylcholine receptor
(nAChR) may be a potential binding receptor for
SARS-CoV-2 (Alexandris et al., 2021). Thus, inhibition of
nAChR by SARS-CoV-2 may lead to the inhibition of
PSNS and exaggeration of SNS with subsequent progression
of cytokine storm as a consequence of the inhibition of vagal
anti-inflammatory mediated by diminution of nAChR activity
(Alexandris et al., 2021). Aside, α-1 and β-receptor antagonists
have beneficial effects in Covid-19 through reduction of sympa-
thetic stimulation and development of cytokine storm (Konig
et al., 2020; Vasanthakumar, 2020). Therefore, in addition to
reducing sympathetic stimulation, adrenergic receptors antago-
nists, β-receptor antagonists also inhibit the interaction between
SARS-CoV-2 and receptor binding sites of ACE2 and CD147
(Vasanthakumar, 2020).

3.2.2 COVID-19 And postural orthostatic tachycardia
syndrome. The nucleus of solitary tract also receives sensory
information from mechanoreceptors and chemoreceptor of
respiratory tract, while efferent neurons from nucleus of soli-
tary tract control cardio-pulmonary response during stressful
conditions (Cornejo et al., 2018). Invasion of these tracts by
SARS-CoV-2 may cause respiratory failure and sick sinus
syndrome (Li et al., 2020). Also, the cardiac nods receive
autonomic stimuli from both SNS and PSNS, which is dysre-
gulated under the control of disturbed nucleus of the solitary
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tract by SARS-CoV-2 invasion, leading to arrhythmia or asys-
tole (Powell et al., 2021). Furthermore, SARS-CoV-2 can
spread through pulmonary mechanoreceptors and chemore-
ceptors to the medullary respiratory center in a retrograde
manner; this may explain the sudden respiratory failure in
Covid-19 patients (Prabhakar et al., 2020). The average
time for SARS-CoV-2 to reach the respiratory center is
eight days in 88% Covid-19 patients that are presented with
neurological manifestations; this may explain the develop-
ment of respiratory failure at this time of SARS-CoV-2 infec-
tion (Mao et al., 2020). Blishteyn et al., retrospectively
studied 20 Covid-19 patients that were presented with DSN
and other neurological disorders. 85% of the patients had per-
sistent autonomic dysfunction such as postural orthostatic
tachycardia syndrome (POTS) suggesting post-Covid-19
autonomic dysfunction (Schofield et al., 2014). POTS is char-
acterized by persistent increment in heart rate≥ 30 beat/
minutes of head-up tilt or at standing position with palpitation,
chest pain, exercise and orthostatic intolerances (Goldstein,
2021). Other symptoms of POTS including gastrointestinal
disorders, headache, chronic pain and sleep disturbances.
Moreover, POTS and post-COVID-19 squealae manifest a
multi-disciplinary syndrome and multi-systemic effects
(Goldstein, 2021). Miglis et al., reported the first case of
COVID-9-induced POTS in women, characterized by hyper-
activity and restlessness on day 7 of acute COVID-19. On day
24 she developed adrenergic storm characterized by tremor
and exaggerated restlessness. Besides, on day 45 she

developed recurrent facial flushing, non-pruritic hives and
dermatographia. Investigations illustrated normal noradrena-
lin level at supine position with elevation of noradrenalin
level at upright position (Miglis et al., 2020).

It has been reported that POTS is associated with autoimmu-
nity disorders and high autoimmunity biomarkers such as anti-
phospholipid and antinuclear antibodies have been confirmed
with this autonomic disorder (Blitshteyn, 2015). Similarly,
autoantibodies against acetylcholine, adrenergic β, nicotinic
ganglionic and G-protein coupled receptors have been
observed in POTS (Li et al., 2014). Into the bargain, post-acute
Covid-19 known as long COVID-19 may cause orthostatic
intolerance syndrome due to direct SARS-CoV-2 invasion or
immune mediated interruption of ANS (Dani et al., 2021).

Different mechanisms are attributed to the pathophysiol-
ogy of POTS including hypovolemia due to nocturnal sweat-
ing, and excessive nauseas and vomiting with subsequent
SNS overactivation and sympathetic outflow that collectively
called Grinch heart (Fu et al., 2010). Similarly, SARS-CoV-2
could destroy extra-cardiac postganglionic SNS neurons,
which increase outflow of SNS in a similar manner of auto-
nomic neuropathy (González-Hermosillo et al., 2021).
Likewise, SARS-CoV-2 may induce brain fog due to invasion
of brain stem and alteration of sympathetic outflow and cere-
bral perfusion (Stefano et al., 2021) . Besides, immune medi-
ated autoimmunity and autoantibodies are associated with
development of POTS due to molecular mimicry between
viral proteins and human neurons (Goldstein, 2021).

Figure 1. Sympathetic stimulation in covid-19: brain injury by SARS-CoV-2 leads to direct stimulation of sympathetic outflow,

SARS-CoV-2-induced acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) cause to hypoxia, which leads to sympathetic

stimulation. Downregulation of ACE2 by SARS-CoV-2 increase angiotensin II (AngII), which activate release of pro-inflammatory cytokines

(PC), which cause further ALI andARDS.

4 ASN Neuro



As well, Hinduja et al., observational study involved fifty
patients COVID-19 showed that 26% of patients had sweat
dysfunction as measured by sudoscan test (electrochemical
skin conductance) with motor-sensory and autonomic dys-
function (Hinduja et al., 2021). This preliminary and introduc-
tory study suggests that COVID-19 should be screened and
assessed for risk of DSN.

Furthermore, Moreno-Escobar et al., retrospective study
revealed that COVID-19 patients with transvers myelitis are
associated with DSN are highly respond to the combined
treatment with bromocriptine and methylprednisolone
(Moreno-Escobar et al., 2021). In general COVID-19 may
associate with different neurological manifestations like
meningoencephalitis, stroke, and Guillian-Barre syndrome
(Madaan et al., 2021).

Indeed, a retrospective study comprised 27 COVID-19
patients that developed DSN between 0 to 122 days follow-
ing acute COVID-19. The COVID-19 patients developed
orthostatic headache (22%), lightheadedness (93%), hyper-
hidrosis (11%), syncope (11%), and burning pain (11%)
with sudomotor and cardiovagal dysfunctions in 36% and
27% respectively (Shouman et al., 2021). However, most
of autonomic dysfunction following COVID-19 is mild,
though exacerbation of preexisting hemodynamic instabil-
ities might be the underlying cause of severe DSN in
COVID-19.

Moreover, a case series involved six COVID-19 patients
developed DSN following six weeks from acute COVID-19.
The patients experienced sudomotor abnormality, activity
intolerance and orthostatic hypotension with significant
POTS (Goodman et al., 2021). It has been reported that
DSN is not limited to the critically COVID-19 patients,
since DSN may be presented as an initial symptoms in the
absence of acute respiratory symptoms in a formerly healthy
adult women (Abdelnabi et al., 2021).

Involvement of ANS expressed by DSN could summative
most of reported COVID-19-induced neurological manifesta-
tions. So, DSN might be occurring secondary to COVID-19,
which also called long COVID-19 (Barizien et al., 2021). In a
cohort study comprise 12 COVID-19 patients with fatigue
and 15 COVID-19 patients without fatigue compared with
12 healthy subjects illustrated that patients with long
COVID-19 experienced DSN characterized by heart rate var-
iability, which is more common in COVID-19 patients with
fatigue (Barizien et al., 2021; Becker, 2021). This finding pro-
posed that long COVID-19 is associated with persistence
symptoms such as hypoxia and fatigue due to developed
DSN (Crook et al., 2021).

From these findings it is unclear to find the precise associa-
tion between Covid-19 and DSN, though direct SARS-CoV-2
effect though para-infectious or post-infectious immune-induced
mechanisms might be the possible ways for this association
(Ellul et al., 2020). Hence, the presentation of persistent
symptoms such as headache, postural tachycardia, chest tight-
ness, myalgia and fatigue in recovered Covid-19 patients

refereed to long-haul Covid-19 or Covid-19-mediated DSN
(Shaw et al., 2019).

3.2.3 COVID-19, neuropilin-1 and dysautonomia. Of interest,
neuropilin-1 (NRP-1), which is signaling protein, was
shown to be an entry factor for SARS-CoV-2 and increase
its infectivity (Mayi et al., 2021). NRP-1 acts as a surface
receptor and involved in immune function, axonal guidance,
and tumor progression (Yang et al., 2019b). NRP-1 is
highly expressed in olfactory neurons and participates into
transmission of SARS-CoV-2 to the brain stem and other
parts of CNS (Kyrou et al., 2021). As well, NRP-1 is upregu-
lated in diabetes mellitus, which might explain the COVID-19
severity in diabetic patients (Mourad et al., 2021). It has been
shown that NRP-1 is regarded as an immune checkpoint of T
cells leading to exaggerated immune response in COVID-19
(Saleki et al., 2021). It has been shown, that sympathetic
and other ANS preganglionic neurons required class 3 sema-
phorin (SEMA3) signaling via NRP-1 to target adrenal
medulla and control autonomic stress response (Lumb et al.,
2018). NRP-1 acts as a receptor for SEMA3, and both of
them are engaged with sympathetic activation (Chen et al.,
1998). Therefore, activation of NRP-1 during SARS-CoV-2
infection might be a potential mechanism of sympathetic
storm in COVID-19 (Singh et al., 2021).

It has been suggested that NRP-1 may enhance entry of
SARS-CoV-2 into the brain through olfactory neurons with
subsequent development of neurological dysfunctions includ-
ing seizure, confusion, stroke and autonomic dysfunction
(Davies et al., 2020). Overexpression of NRP-1 in the CNS
during SARS-CoV-2 infection contributes to the inhibition
of anti-inflammatory Fas ligand with subsequent neuroinflam-
mation and ANS dysfunction (Singh et al., 2021). Taken
together, targeting of NRP-1 may reduce SARS-CoV-2 infec-
tivity and neurological disorders in in particular DSN in
COVID-19 (Liu et al., 2021).

Taken together, Covid-19-induced DSN is mainly related
to the activation of SNS and the inhibition of PSNS (sympa-
thetic storm) that induce cardiopulmonary complications and
propagation of SARS-CoV-2 infection with advancement of
associated inflammatory reactions through upregulation of
ACE2 and RAS activity (Figure 2).

Molecular Mechanism of Dysautonomia
in COVID-19
Regarding the molecular mechanism of DSN, it has been
observed that familial DSN is caused by mutation in the
IKBKAP gene, which encodes IKAP/Help1 protein. This
mutation leads to reduction in the synthesis of IKAP/Help1
protein in central and peripheral neurons with development
of DSN (Boone et al., 2010) . In addition, modulation of
IKBKAP gene by small molecules may affect expression of
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IKAP/Help1 protein; thereby DNS could be attenuated (Ajiro
et al., 2021).

In heart failure there is a noradrenalin spillover and sympa-
thetic activation with parasympathetic inhibition due to alter-
ation the expression of N-type calcium channel with
enhancement of cardiac excitability (Lara et al., 2010). The
development of DNS may affect the response to the different
drugs, in a study involved 595 patients with DNS there is
abnormal response and high adverse effects to the anti-
cholinergic, cholinergic and anti-convulsant drugs (Perl
et al., 2021).

In Covid-19, IKBKAP gene is downregulated due to
inflammatory changes, and Zexie herbal medicine ameliorates
COVID-19-complications mainly DSN through upregulation
of IKBKAP gene (Dai et al., 2021). Similarly, N-type calcium
channels are upregulated in SARS-CoV-2 infection leading to
autonomic dysfunction and cardiac conductive abnormality.
So, calcium channel blockers could be effective in the man-
agement of COVID-19-induced DSN (Mahgoub et al.,

2021). Furthermore, Reddy and colleague reported the first
case of POTS following mRNA COVID-19 vaccination in a
42 years old man (Reddy et al., 2021) suggesting that devel-
opment of neutralizing antibodies following COVID-19 vac-
cination may trigger autoimmune reactions and development
of DSN. Though, the underlying molecular mechanism of
COVID-19 and COVID-19 vaccination is poorly understood.
Therefore, experimental, in vitro and exvivo studies are war-
ranted in this regards.

4. Conclusion
DSN in Covid-19 is defined as over activity of sympathetic
component of ANS with a wide range of clinical presenta-
tions. DSN in Covid-19 is mainly acute; however chronic
type can be seen in recovered post-covid-19 patients. DSN
in Covid-19 leads to hemodynamic instability in severely
affected Covid-19 patients secondary to baroreflex failure
caused by SARS-CoV-2 infection. DSN in Covid-19 is

Figure 2. Covid-19-induced dysautonomia (DSN):S ARS-CoV-2 infection leads to activation of sympathetic nervous system (SNS)

with increasing circulating catecholamine and development of sympathetic storm. Also, SARS-CoV-2 infection inhibits parasympathetic

nervous system (PSNS) with inhibition of neurovagal anti-inflammatory effects and development of cytokine storm. Both of sympathetic

storm and cytokine storm activate renin-angiotensin system (RAS) with development of cardiopulmonary complications.
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developed due to sympathetic storm and inhibition of
PSNS-mediated anti-inflammatory effect with development
of cytokine storm. Therefore, sympathetic and cytokine
storms together with the activation of RAS are the chief
final pathways involved in the development of DSN in
Covid-19. It is unclear to find the precise association
between Covid-19 and DSN, though direct SARS-CoV-2
effect or para-infectious or post-infectious immune-induced
mechanisms might be the possible ways for this association.
Clinicians in Covid-19 era must be aware that early and
prompt diagnosis of this clinical spectrum is essential for
correct management and recovery. In the foreseeable future,
harnessing of medical research in this clinical field through
clinical trials and prospective studies are reasonable to
confirm the link between Covid-19 and development of DSN.
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