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a b s t r a c t 

The SARS-CoV-2 virus responsible for the COVID-19 pandemic has profoundly impacted global health, economics, 
and society. This review seeks to encompass an overview of current knowledge on COVID-19, including its trans- 
mission, pathogenesis, and clinical presentation related to various systems within the human body. COVID-19 is 
a highly contagious illness that has rapidly spread worldwide. As of August 4, 2023, the WHO reported over 570 
million confirmed cases of COVID-19 and over 6.3 million deaths. Although the virus is most common in adults, 
children can also be infected. Respiratory droplets that are produced when an infected person coughs or sneezes 
are the primary transmission mode for COVID-19. Additionally, the virus can be disseminated via contact with 
contaminated surfaces or objects, as it can remain viable for several hours or days. SARS-CoV-2 is a respiratory 
virus that enters cells by bonding with the angiotensin-converting enzyme 2 (ACE2) receptor. Once inside the cell, 
the virus replicates and produces new particles that can infect other cells. Interestingly, the effects of post-acute 
sequelae of SARS-CoV-2 infection (PASC) encompass more than just respiratory system. The findings presented in 
the data suggest that PASC significantly impacts multiple organs and their respective physiological processes. In 
light of these observations, we aim to provide a detailed discussion of the relevant findings in this paper. Through 
our review, we hope to provide healthcare professionals with a deeper understanding of the effects of PASC on 
the human body, which could ultimately lead to improved patient outcomes and treatment strategies. 
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Post-acute sequelae of SARS-CoV-2 infection (PASC), also known
s long COVID-19, is a complex and poorly understood condition that
an affect people that can last for weeks, months, or even years after
heir initial COVID-19 infection. PASC can manifest with a wide range
f symptoms, including fatigue, dyspnea, cognitive dysfunction, chest
ain, headache, muscle aches, joint pain, insomnia, depression and anx-
ety, anosmia, ageusia, dizziness, palpitations, and dermatological prob-
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ems [ Fig. 1 ]. The exact prevalence of PASC is unknown, but estimates
how that 10-30% of people have had COVID-19. PASC is more common
n people who have a severe case of COVID-19, but it can also occur in
eople who have mild or asymptomatic infections. Patients with vari-
us comorbidities, such as chronic lung disease, heart disease, diabetes
ellitus, and cancer, are at increased risk of developing PASC. 

The pathophysiology of PASC is not fully understood, but it is
hought to be due to a combination of factors, including viral per-
istence, organ damage, inflammation, and immune dysregulation. Vi-
s, Faculty of Medical Sciences, The University of the West Indies, St. Augustine, 
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Fig. 1. Effects of Long COVID-19 on major systems. 
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al persistence has been demonstrated in various tissues, including the
ungs, heart, and brain, and may contribute to ongoing symptoms.
rgan damage may occur due to the direct cytopathic effects of the
irus, as well as from inflammatory and immune-mediated mecha-
isms. Inflammation is a hallmark of PASC and has been implicated
n the development of various symptoms, including fatigue, cognitive
ysfunction, and pain. Immune dysregulation may also play a role in
ASC, as evidenced by autoantibodies and elevated levels of inflam-
atory cytokines in some patients. There is no cure for PASC, and

reatment is primarily focused on symptom management. Patients with
ASC may benefit from a multidisciplinary approach involving pul-
onology, cardiology, neurology, psychiatry, and rehabilitation special-

sts. Treatment may include medications, physiotherapy, occupational
herapy, cognitive behavioral therapy, and other interventions. PASC
s a significant public health challenge, and further research is needed
o understand its pathophysiology better and develop more effective
reatment protocols. 1 

ASC AND ITS EFFECTS ON THE MAJOR SYSTEMS 

ardiovascular System 

The pathophysiology of COVID-19 and the cardiovascular system
eeds to be simplified and better understood. However, several mecha-
isms have been proposed to explain the cardiovascular complications
f COVID-19. The SARS-CoV-2 virus can directly infect the heart muscle,
eading to myocarditis. Viral particles have been detected in the heart
uscle of patients who have died from COVID-19. Additionally, studies
ave shown that the SARS-CoV-2 virus can replicate in cardiomyocytes.
OVID-19 infection often triggers a systemic inflammatory response,
hich can damage the cardiovascular system. Inflammatory cytokines

an cause damage to the myocytes, blood vessels, and endothelium. Ad-
2

itionally, COVID-19 infection can lead to immune dysregulation, con-
ributing to cardiovascular injury. 

Endothelial dysfunction is a hallmark of COVID-19 and is thought to
lay a central role in the development of cardiovascular complications.
ndothelium regulates blood flow, blood pressure, and inflammation.
ndothelial dysfunction can lead to vasoconstriction, increased blood
ressure, and inflammation. COVID-19 infection can also lead to mi-
rovascular thrombosis. This can occur due to inflammation, endothelial
ysfunction, and platelet activation. Microvascular thrombosis can dam-
ge the myocytes and other organs. COVID-19 Infection can also lead
o coagulation abnormalities. This can increase the risk of thrombosis
orming in the arteries and veins. Thrombus/Emboli can block blood
ow to the heart and other organs, leading to myocardial ischemia,
troke, and other serious systemic complications. The exact mechanisms
nderlying the long-term cardiovascular complications of COVID-19 are
ot fully understood. However, they may be related to persistent inflam-
ation, immune dysregulation, and microvascular damage. 

Additionally, COVID-19 infection may accelerate the progression of
nderlying cardiovascular disease. Direct viral infection, systemic in-
ammation and immune dysregulation, endothelial dysfunction, mi-
rovascular thrombosis, and coagulation abnormalities are documented
n the pathogenesis of cardiovascular complications. 1,2 In COVID-19
atients, arrhythmias can be caused by a variety of factors, such as
etabolic imbalances, hypoxia, acidosis, imbalances in intravascular

olume, and neurohormonal and catecholaminergic stress. Sepsis, on
he other hand, is characterized by a systemic environment that involves
nflammatory cytokines and autonomic dysfunction. 3,4 Atrial fibrilla-
ion (AF) can develop when these maladaptive pathophysiologies are
resent. It is worth noting that AF is a known occurrence in critically
ll patients, with almost 10% of ICU patients experiencing it. Addition-
lly, studies show that new-onset AF can lead to worse outcomes than
on-AF patients. Therefore, restoring sinus rhythm is crucial to improv-
ng the patient’s hemodynamics. AF can impede cardiac output by hin-
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ering left ventricular filling, mainly when there is a rapid ventricular
esponse. 5 

Numerous retrospective studies have aimed to establish the absolute
nd relative risks associated with symptomatic or asymptomatic SARS-
oV-2 infections for late cardiovascular events and all-cause mortality.
everal of these studies have discovered a heightened risk for late car-
iovascular outcomes and all-cause mortality in individuals with both
symptomatic and symptomatic SARS infections during the late post-
OVID-19 periods. 6 Myocardial damage has been documented during
he acute phases of COVID-19 illness in various studies, with most pa-
ients having elevated cardiac inflammatory biomarkers and LV dysfunc-
ion. 7 SARS-CoV-2 infection can lead to subacute or chronic myocardi-
is, as evidenced in studies evaluating myocarditis in patients more than
 month after acute COVID-19 illness. 8 The cardiovascular symptom
ost frequently observed following acute Covid 19 illness is tachycar-
ia, which has been identified as a potential sub-syndrome of long-term
OVID-19, including Inappropriate Sinus Tachycardia (IST) and Postu-
al Orthostatic Tachycardia Syndrome (POTS) after SARS. Mechanisms
f injury leading to re-entrant arrhythmias have been suggested to in-
olve myocardial fibrosis and cardiomyopathy. Additionally, injuries
nd microvascular disease have been observed in patients during both
he acute and sequel phases of COVID-19 illness. 9 

It has been concluded that patients suffering from COVID-19 have
 significantly higher risk of experiencing myocardial infarction. The
nderlying cause is believed to be a hypercoagulable state triggered by
ARS-CoV-2, which can lead to endothelial damage and plaque rupture.
hese factors combine to increase the likelihood of myocardial infarc-
ion and coronary thrombus, making it imperative to closely monitor
nd manage any potential cardiovascular complications in COVID-19
atients. 10 , 11 

Suggested pathogenesis involves increased inflammatory molecules,
educed contractility due to myocardial damage, and increased right
entricular afterload. 12 , 13 Another poorly understood sequela of
OVID-19 is hypertension. New onset hypertension has been seen wor-
yingly among young and previously healthy patients post-acute COVID-
9 illness. 14 It has been noted that several young patients who had
o hypertension risk factors have experienced this phenomenon. Fur-
hermore, an observational study is being conducted to examine blood
ressure readings for more than a year following SARS-COV2 infection.
ost of these cardiovascular effects are chronic and worsen the indi-

idual quality of life. As such, it is crucial that clinicians and patients
ho have previously suffered from COVID-19, particularly those with

evere illness, remain vigilant and proactive in terms of their cardiovas-
ular health. This will enable them to detect and address any potential
omplications early on. 

espiratory System 

The study of COVID-19 and its impact on the respiratory system is
 complex field that continues to evolve. While much research remains
lusive, scientists have proposed several mechanisms to explain how
he SARS-CoV-2 virus infects and complicates the lung functions. The
irus enters alveoli by binding to the Angiotensin-converting enzyme -2
ACE2) receptor, a transmembrane protein expressed on the surface of
arious cells, including lung epithelial cells, alveolar macrophages, and
ype II pneumocytes. Once the virus has bound to ACE2, it undergoes
ndocytosis and begins to replicate. The newly replicated virus particles
hen exit the cell and can infect other cells. This viral replication can
ause cellular damage and lysis, releasing inflammatory mediators and
ellular debris that can further harm the lung parenchyma. Additionally,
he virus can directly damage the alveolar epithelium and microvascular
ndothelium, leading to pulmonary edema and alveolar-capillary leak. 12 

The immune system’s response plays a crucial role in eliminating
ARS-CoV-2 and promoting recovery, but it can also cause damage to
he lungs. Early in the infection, cells like alveolar macrophages and
eutrophils are summoned to the lungs and release cytokines like IL-6,
3

L-1 𝛽, and TNF- 𝛼 to combat the virus. Unfortunately, these same cy-
okines can also harm the lungs. In certain pathological conditions, the
mmune system can be triggered to mount an excessive and uncontrolled
mmune response, leading to an overproduction of pro-inflammatory cy-
okines, a phenomenon commonly known as the cytokine storm. This
berrant immune response can lead to widespread inflammation, tissue
amage, and organ failure and is associated with a range of acute and
hronic inflammatory disorders, including viral infections, autoimmune
iseases, and cancer. The cytokine storm can have severe consequences
n terms of morbidity and mortality, highlighting the importance of un-
erstanding the underlying mechanisms and developing effective ther-
peutic strategies to modulate the immune response and to prevent or
reat cytokine storm-related complications. Cytokine storm can lead to
evere lung injury, multiorgan failure, and death. Acute Respiratory Dis-
ress Syndrome (ARDS) is a serious respiratory condition characterized
y diffuse alveolar damage, pulmonary edema, and respiratory collapse.
RDS is a common complication of COVID-19 and is associated with
igh mortality. The pathophysiology of ARDS in COVID-19 is complex
nd likely involves a combination of direct viral injury, the host immune
esponse, and cytokine storm. In addition to ARDS, COVID-19 can also
ause other respiratory complications, such as pneumonia, bronchitis,
cute lung injury, pulmonary embolism, and multisystem inflammatory
yndrome in children (MIS-C). 

Some patients who recover from COVID-19 may experience long-
erm respiratory problems, such as dyspnea, cough, wheezing, re-
uced lung capacity, and pulmonary fibrosis. The mechanisms under-
ying these long-term complications are not fully understood, but they
ay be related to persistent inflammation, microvascular damage, and
arenchymal injury. 

Direct viral infection, viral replication, lysis, the immune response,
ytokine storms, and ARDS all play a role in developing respiratory com-
lications from COVID-19. Further research is needed to understand the
athophysiology of COVID-19 lung injury better and develop effective
herapies to prevent and treat these complications. When harmful mi-
roorganisms like viruses invade our bodies, our immune system must
dentify and respond to them. This recognition happens by detecting
ntigenic structures in virus-infected cells, facilitated by pattern recog-
ition receptors (PRRs). There are different types of PRRs, including
oll-like receptors (TLR), RIG-I-like receptors (RLR), NOD-like receptors
NLR), C-type lectin-like receptors (CLmin), and cytoplasmic DNA re-
eptors like cGAS, IFI16, STING, and DAI. Once these receptors identify
he virus, they trigger antiviral responses, including the production of
ytokines and adaptive and inflammatory immunity responses. Inter-
erons are a key cytokine produced after virus infection, initiating the
mmune response and subsequent adaptation. 14 

After macrophages bind and digest the antigenic parts of the coro-
avirus, they present the parts of the COVID antigen to T lymphocyte
ells. This step activates and detects T cells, producing cytokines asso-
iated with various subsets of T cells (eg. Th17), followed by the re-
ease of cytokines to enhance the immune response. However, in pa-
ients with weaker immune systems, the number of T lymphocytes may
ecrease due to inaccurate virus identification, causing an increase in
ytokine production and inflammatory response. The ongoing release
f inflammatory mediators from the virus can hinder the activation of
K and CD8 T cells, which play a crucial role in clearing COVID-19.
ortunately, CD8 T cells can produce highly effective mediators to com-
at the virus. Recent COVID-19 research has revealed that the produc-
ion of interferons is vital in increasing the release of antiviral proteins.
owever, COVID-19 ′ s non-structural proteins can interfere with TLR-3

ignaling during pneumonia, which can prevent TLR-3 activation and
inder the immune response. TLR-4, on the other hand, is likely to de-
ect the S protein, leading to the activation of proinflammatory cytokines
ia the MyD88-dependent signaling pathway. The virus and cell inter-
ction can trigger excessive production of immune mediators, including
hemokines and cytokines like IL-1, IL-6, IL-8, IL-21, TNF- 𝛽, and MCP-1,
eleased in response to COVID-19 infection in affected cells. Specifically,
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ndividuals with more robust immune systems tend to have faster and
ore effective T lymphocyte responses, which helps to eliminate the
athogen. Conversely, patients with SARS, a virus genetically similar to
he current novel coronavirus, have experienced a notable decrease in
heir T cell count. This suggests a critical role for lymphocytes in pro-
iding specific immunity and underscores the close connection between
neumonia and immune cells. 

astrointestinal System 

The development of Gastrointestinal (GI) symptoms in COVID-19 pa-
ients is a complex process that involves various factors. The virus can
irectly infect cells in the GI tract, causing damage to the GI barrier and
eading to malabsorption and other complications. Additionally, inflam-
ation in the body can damage the GI tract and contribute to developing

ymptoms. An imbalance in the gut microbiome has also been observed
n COVID-19 patients and may play a role in developing GI symptoms.
n some cases, patients may require more intensive treatment for issues
ike acute abdominal pain or GI bleeding. Despite these challenges, sup-
ortive care remains the primary focus of therapy for COVID-19 patients
xperiencing GI symptoms. 15 The enduring complications of COVID-19,
nce termed “long COVID,’’ now recognized as “post-COVID-19 condi-
ion,’’ impact individuals for extended durations after initial infection. 16 

The SARS-COV-2 virus, beyond its well-known respiratory effects,
lso impacts multiple organs, including the gastrointestinal GI tract, re-
ulting in sequelae such as nausea, vomiting, abdominal pain, anorexia,
iarrhea, GI bleeding, acid reflux, and constipation. 17 , 18 This connec-
ion was first noted in Wuhan, where patients with GI issues faced more
xtended hospital stays. 19 Studies in the U.S.A and the U.K. reported G.I.
ymptoms in approximately 60% of patients and atypical appendicitis
n children, respectively. 20 Moreover, SARS-CoV-2 RNA has been iden-
ified in over 50% of patient stool samples, with concentrations peaking
-3 weeks post-symptom onset, explaining the involvement of the GI
ract. Recent research indicates that many patients still report persis-
ent G.I. problems post-recovery. 21 , 22 However, the specifics surround-
ng gastrointestinal complications in the aftermath of COVID-19, their
ccurrence rate, and underlying causes are still unclear. 

Several mechanisms are speculated behind the emergence of post-
OVID-19- condition-related GI symptoms. The pulmonary and gas-
rointestinal systems stem from a shared embryological precursor, the
rimordial foregut. Postnatally, they function as critical mucosal barri-
rs, with the lungs mediating alveolar gas exchange and the gut over-
eeing enteric nutrient absorption. Neonatally, both systems undergo
nalogous microbial colonization, but with progression, there is a di-
ersification in their microbiota composition and density. 23 Recent re-
earch highlights the gut-lung axis, emphasizing mutual communica-
ion between the microbiota of both systems. Studies have shown that
hifts in gut microbiota can influence pulmonary conditions and vice
ersa, emphasizing their interconnectedness in health and disease. 24 , 25 

uch microbial interrelationships severely impact systemic immune re-
ponses. 26 The intricate feedback between these systems might heighten
he propensity for gastrointestinal complications, underscoring the im-
ortance of their interactive communication. Their combined role in
ealth and disease pathways further emphasizes the importance of un-
erstanding this connection. 

The gut barrier serves the essential function of allowing beneficial
utrients to be absorbed into the bloodstream while blocking the entry
f harmful pathogens and toxins. Once inside the cell, the viral replica-
ion damages it, inducing multiorgan implications, potentially leading
o conditions like sepsis. 27 , 28 Severe COVID-19 infections often mani-
est elevated serum levels of proinflammatory markers like interleukin-6
IL-6) and interleukin-10 (IL-10), which can lead to dysbiosis and a sub-
equent “leaky gut’’ syndrome, facilitating bacterial product and toxin
ntry, further increasing inflammation. 29-31 Notably, in COVID-19 pa-
ients, increased fecal calprotectin levels, indicative of GI mucosal in-
ammation, and increased plasma markers of gut permeability, such
4

s FABP2, PGN, and LPS, highlight this phenomenon. 32 , 33 The persis-
ence of gastrointestinal symptoms post-recovery from the acute phase
f COVID-19 is becoming increasingly documented. While some patients
ecover completely, others continue to report issues like recurring nau-
ea, chronic episodes of diarrhea, and unexplained abdominal pain. 34 , 35 

uch persistent symptoms can severely impact an individual’s quality of
ife, making it vital to understand their cause and develop targeted treat-
ents. 36 

The gut microbiome, a complex ecosystem of beneficial bacteria,
lays a pivotal role in numerous functions, including digestion, immu-
ity, and mood regulation. 37 This disruption can manifest as gastroin-
estinal symptoms and potentially have broader impacts. For example,
mbalanced gut microbiota can influence immune responses, potentially
xacerbate inflammation, and can also impact neurotransmitter produc-
ion, affecting mental health. 38 , 39 

Beyond the immediate aftermath of the infection, there is a con-
ern that the gastrointestinal system might face prolonged challenges. 40 

rawing parallels with other diseases, some COVID-19 patients might
evelop conditions like post-infectious irritable bowel syndrome (PI-
BS) or functional dyspepsia, which could have roots in their initial
OVID-19 infection. 41-43 Individuals with pre-existing gastrointestinal
onditions, such as inflammatory bowel disease (IBD), might experience
 different interaction with the SARS-CoV-2 virus and produce a variety
f histomorphological features [ Fig. 2 ]. On the contrary, specific protec-
ive mechanisms, such as elevated levels of soluble ACE2, might protect
hese patients against severe disease manifestations. 44-47 

ndocrine System 

The endocrine system is susceptible to SARS-CoV-2. The SARS-CoV-
, infiltrates human cells via the ACE2 receptor. The virus’s surface
eatures a homotrimeric spike glycoprotein comprising S1 and S2 sub-
nits, crucial for attaching to ACE2. When the S1 subunit binds to ACE2,
he ACE2 receptor dissociates, thanks to transmembrane serine protease
 (TMPRSS2). TMPRSS2 is known to drive oncogenic transcription in
rostate cancer and is controlled by androgens. Interestingly, andro-
en deprivation or antagonism can reduce SARS-CoV-2 ′ s ability to enter
uman cells in vitro by attenuating S-mediated cellular entry. This re-
ults in a conformational change, allowing the S2 subunit’s membrane
usion with increased stability. Creating a bond with the ACE2 recep-
or is essential for SARS-CoV-2 cellular entry. This has been demon-
trated in vitro studies, where the SARS-CoV-2 virus could not infect
eLa cells that did not express ACE2 proteins. Additionally, raising anti-

erum to human ACE2 prevented cellular access by SARS-CoV-2. More-
ver, unlike other coronaviruses, SARS-CoV-2 does not appear to use
ther receptors for cellular access, such as dipeptidyl peptidase four or
minopeptidase N. 

ACE2 mRNA is expressed in several human endocrine glands, includ-
ng the pancreas, thyroid gland, ovaries, and testes. Crucially, TMPRSS2
RNA is also expressed in these endocrine glands. TMPRSS2 is a serine
rotease necessary for SARS-CoV-2 spike protein priming, a critical step
n viral entry. In summary, there is cumulative evidence that the en-
ocrine system is particularly vulnerable to both destruction and alter-
tion in function due to COVID-19. Clinical observations of endocrine
omplications in COVID-19 patients, such as hyperglycemia, hypothy-
oidism, hyperthyroidism, and adrenal insufficiency, support this. 48 

The pathophysiology of COVID-19 leading to diabetes mellitus is
ot fully understood, but several mechanisms have been proposed. The
ARS-CoV-2 virus can directly infect pancreatic beta cells responsible
or producing insulin. This can lead to beta necrosis and disruption of
nsulin production. COVID-19 infection can trigger a systemic inflamma-
ory response, damaging pancreatic beta cells. Inflammatory cytokines
eleased by immune cells and other cells throughout the body can cause
amage to beta cells, leading to insulin deficiency. COVID-19 infection
an also lead to immune dysregulation, manifesting in various ways,
ncluding autoimmunity. Autoimmune reactions can target pancreatic
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Fig. 2. Microscopic images of Inflammatory 
bowel disease appearance in a patient with 
post COVID-19. A: Crypt architectural distor- 
tion and branching (H&E x10).. B. Cryptitis 
(H&E x40). C and D: Dense basal lymphoplas- 
macytic infiltrate in the lamina propria (H&E 
x100). 
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eta cells and disrupt insulin production. There are a few factors that
ay contribute to the development of diabetes mellitus in COVID-19 pa-

ients, including stress, medications, and hospitalization. Stress can ac-
ivate the hypothalamic-pituitary-adrenal (HPA) axis and increase corti-
ol secretion, a stress hormone that can impair insulin sensitivity. Some
edicines used to treat COVID-19, such as corticosteroids, can also have

ide effects on insulin sensitivity and glucose metabolism. COVID-19 pa-
ients who are hospitalized are at increased risk of developing diabetes
ellitus due to a combination of stress, hyperglycemia, and medications

hat can impair insulin sensitivity. 
The pathophysiology of COVID-19 leading to diabetes mellitus is

omplex and not fully understood. It is important to note that COVID-19
oes not always lead to diabetes mellitus. However, COVID-19 patients
hould be monitored for hyperglycemia and other signs and symptoms
f diabetes mellitus. Early diagnosis and treatment of diabetes mellitus
an help to prevent complications and improve quality of life. 49 

entral Nervous System 

The SARS-CoV-2 virus can directly infect CNS cells, including neu-
ons, astrocytes, and microglia, through binding to the ACE2 receptor.
iral replication in CNS cells can lead to neuronal death and disruption
f CNS function. COVID-19 infection can trigger a systemic inflamma-
ory response and damage the CNS. Inflammatory cytokines released
y immune cells and other cells throughout the body can cause dam-
ge to the blood-brain barrier (BBB), allowing the virus and other in-
ammatory cells to enter the CNS. Additionally, inflammatory cytokines
an directly damage CNS cells. COVID-19 infection can also lead to im-
une dysregulation, manifesting in various ways, including autoimmu-
ity. Autoimmune reactions can target CNS cells and damage the CNS.
OVID-19 can cause multiple complications in the CNS, which may be
ttributed to various factors. These include hypoxia, which can result in
educed oxygen levels in the blood and damage to CNS cells, leading to
eurological issues. Coagulopathy, or blood clotting disorders, can also
ccur due to COVID-19 infection, resulting in blood clots in the brain
hat can block blood flow and cause strokes. Additionally, some medi-
ations used to treat COVID-19, such as corticosteroids, may have side
ffects on the CNS. CNS complications of COVID-19 may manifest clin-
cally in the form of headache, confusion, delirium, encephalopathy, or
troke. 

POTS is a complex multisystem disorder characterized by orthostatic
ntolerance, defined as an excessive and sustained increase in heart rate
5

pon standing or head-up tilt in the absence of hypotension. POTS is
ssociated with a variety of symptoms, including lightheadedness, dizzi-
ess, syncope, palpitations, fatigue, and cognitive impairment. Recent
eports suggest that individuals who have recovered from COVID-19
ay face a higher risk of developing POTS. While the exact mechanisms

ehind post-COVID-19 POTS are not fully understood, several theories
ave been proposed. These include autoimmunity triggered by SARS-
oV-2 infection, direct damage to autonomic nerve fibers by the virus,
oxic injury caused by SARS-CoV-2, and invasion of the CNS by the virus.

ith this increased risk in mind, healthcare providers should remain vig-
lant and actively screen for POTS in patients experiencing post-acute
OVID-19 syndrome symptoms. 

Once a diagnosis of POTS has been confirmed, it is essential to focus
n managing the condition through a combination of lifestyle changes
nd medication. Some lifestyle modifications that may benefit POTS pa-
ients include increasing salt and fluid intake, using graduated compres-
ion stockings, pacing activities, and avoiding triggers such as dehydra-
ion, heat, and prolonged standing. Medication options for POTS include
eart rate-lowering drugs like beta-blockers, ivabradine, and fludrocor-
isone, as well as midodrine and droxidopa, which can help raise blood
ressure, and pyridostigmine, which improves autonomic function. In
ore severe cases of POTS, hospitalization may be necessary for intra-

enous fluids and medications. 50 

enitourinary System 

The SARS-CoV-2 virus can directly infect genitourinary epithelial
ells, including those in the bladder, urethra, kidneys, and testes. Once
nfected, genitourinary epithelial cells can undergo viral replication and
ysis, leading to cell death and disruption of the genitourinary barrier.
OVID-19 infection can trigger a systemic inflammatory response, dam-
ging the genitourinary system. Inflammatory cytokines released by im-
une cells and other cells throughout the body can cause damage to the

enitourinary epithelium, vasculature, and nerves. COVID-19 infection
an also lead to immune dysregulation, contributing to genitourinary
roblems. Immune dysregulation can manifest in various ways, such as
verproduction of inflammatory cytokines, autoimmunity, and impaired
 cell function. Immune dysregulation can damage the genitourinary ep-

thelium and contribute to the development of inflammatory diseases of
he genitourinary system, such as orchitis and epididymitis. 

A couple of factors may contribute to the genitourinary complica-
ions associated with COVID-19. One is the dysregulation of the ACE2
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Fig. 3. Microscopic images demonstrating vas- 
culitis in a patient with musculoskeletal fea- 
tures. A. Orthokeratosis, hyperkeratosis (H&E 
x10x). B and C: Leukocytoclastic vasculitis 
(H&E x40x and x100). D. Vessel elastic tissue 
damage causing emigration of neutrophils into 
the surrounding dermis (H&E x100). 
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eceptor, a protein responsible for regulating blood pressure and inflam-
ation. ACE2 is found in many cells throughout the body, including

hose in the genitourinary system. When someone is infected with SARS-
oV-2, their ACE2 expression may become downregulated or disrupted,
otentially leading to problems like hematuria and proteinuria. Addi-
ionally, some medications used to treat COVID-19 (such as antibiotics
nd corticosteroids) can have side effects on the genitourinary system.
he COVID-19 pandemic has led to the emergence of various genitouri-
ary complications that have been reported in patients infected with the
irus. These complications may arise due to direct viral invasion or due
o the systemic effects of the disease. The most reported complications
nclude acute kidney injury, proteinuria, and hematuria. Additionally,
here have been reports of viral shedding in the urine of infected indi-
iduals, which has raised concerns about the potential for transmission
hrough the genitourinary tract. It is essential for healthcare providers
o be aware of these complications and to monitor patients for signs and
ymptoms of genitourinary involvement to provide appropriate manage-
ent and prevent further complications. 

Although the pathophysiology behind AKI caused by COVID-19 in-
ection is not yet fully understood, three potential mechanisms are be-
ieved to be involved. These include cytokine release syndrome (CRS),
rgan crosstalk, and systemic metabolic alterations. CRS is character-
zed by the release of proinflammatory cytokines, including interleukin-
 (IL-6), which can cause intrarenal inflammation, increased vascular
ermeability, volume depletion, and cardiomyopathy, all of which can
ontribute to AKI. Organ crosstalk, particularly between the lungs and
idneys, can also play a role in COVID-19-associated AKI. Increased
erum levels of IL-6 and other proinflammatory cytokines can damage
ubular cells and lead to AKI. Finally, systemic metabolic alterations,
uch as fluid overload, sepsis, and rhabdomyolysis, can further desta-
ilize the patient’s hemodynamics and worsen AKI. It is important to
ote that these three mechanisms are likely interconnected. For exam-
le, CRS can lead to organ crosstalk, and organ crosstalk can lead to
ystemic metabolic alterations. Additionally, the relative importance
f each mechanism in developing COVID-19-associated AKI may vary
epending on the patient’s clinical characteristics. Further research is
eeded to understand the pathophysiology of COVID-19-associated AKI
etter and develop more effective therapies for this condition. 51 

usculoskeletal System 

The SARS-CoV-2 virus can directly infect musculoskeletal cells, in-
luding muscle cells, osteocytes, and chondrocytes. Once infected, mus-
6

uloskeletal cells can undergo viral replication and lysis, leading to cell
eath and disruption of musculoskeletal function. COVID-19 infection
an trigger a systemic inflammatory response, damaging the muscu-
oskeletal system. Inflammatory cytokines released by immune cells and
ther cells throughout the body can cause damage to the muscles, bones,
nd joints. COVID-19 infection can also lead to immune dysregulation,
ontributing to musculoskeletal problems. Immune dysregulation can
anifest in various ways, such as overproduction of inflammatory cy-

okines, autoimmunity, and impaired T cell function. Immune dysregu-
ation can damage the muscles, bones, and joints and contribute to the
evelopment of inflammatory diseases of the musculoskeletal system,
uch as myositis and arthritis. 

COVID-19 may contribute to musculoskeletal complications through
arious mechanisms, such as extended immobilization, medication side
ffects, and critical illness. Prolonged bed rest during hospitalization can
esult in muscle atrophy, weakness, and joint stiffness. Certain medica-
ions used to treat COVID-19, such as corticosteroids, may also affect
he musculoskeletal system. Critically ill patients with COVID-19 are at
igher risk of developing critical illness myopathy (CIM), a muscle dis-
rder characterized by muscle weakness and wasting that may be caused
y inflammation, immobilization, and malnutrition. The range of mus-
uloskeletal complications that COVID-19 can cause includes myalgia,
rthralgia, muscle weakness, muscle atrophy, rhabdomyolysis, myositis,
rthritis, CIM, osteoporosis, and fractures. 

Some people who recover from COVID-19 may experience long-term
usculoskeletal problems, such as post-COVID-19 myalgia and fatigue.
he mechanisms underlying these long-term musculoskeletal complica-
ions are not fully understood. Still, they may be related to persistent
nflammation, immune dysregulation, and direct viral damage to the
usculoskeletal system. 

The COVID-19 pandemic caused by the SARS-CoV-2 virus is affect-
ng daily life worldwide. The symptoms of the virus can vary greatly,
rom no symptoms to critical illness. While COVID-19 is primarily a
espiratory disease, studies have shown that it can also cause muscu-
oskeletal symptoms such as myalgias, arthralgias, vasulitis and neu-
opathies/myopathies [ Fig. 3 ]. One study found that 15.5% of patients
xperienced myalgia and arthralgia. Therefore, clinicians must investi-
ate these symptoms further in COVID-19 patients. 

Furthermore, it is essential to understand how COVID-19 impacts
he musculoskeletal system. Previous studies have shown that the virus
nduces a proinflammatory state in patients, which can have systemic
ffects. While most studies have focused on the respiratory system, the
mpact of inflammation on other organ systems, specifically the mus-



S. Umakanthan, A.R. Katwaroo, M. Bukelo et al. American Journal of Medicine Open 12 (2024) 100071

c  

t  

T  

fl  

c  

p  

h  

h  

w  

n  

p

L

 

C  

n  

c  

a  

l  

a  

c  

o
 

m  

f  

v  

r  

v  

C  

m  

p  

s  

r  

t  

l  

t  

e
 

h  

T  

t  

t  

m  

l  

t  

g  

p  

e  

S  

u  

t  

p  

o  

l  

p
 

o  

a  

d  

s  

c  

T  

t  

p  

e  

c  

t  

s  

h  

c  

o

C

 

p  

h  

c  

a  

u  

f  

a  

a  

m  

T  

v  

w  

y  

C  

a  

c  

f  

e  

f  

c  

g  

t  

t  

c  

v  

o

F

 

a

P

D

 

a  

i  

c  

m  

A  

y

C

 

i  

t  

K  

s
r  

r  

t  
uloskeletal system, is less understood. Inflammation has been linked
o bone and joint pathology, skeletal muscle damage, and disease.
herefore, investigating the potential impact of COVID-19-induced in-
ammation on musculoskeletal health is essential. Lastly, it is cru-
ial to consider the possible side effects of current COVID-19 thera-
ies on the musculoskeletal system. Medications such as chloroquine,
ydroxychloroquine, colchicine, specific antivirals, and corticosteroids
ave been used to treat COVID-19, but many of them are associated
ith toxic myopathies, arthralgias, and other side effects. Clinicians
eed to understand these potential side effects when treating COVID-19
atients. 52 

ong-Term Psychological Impact of COVID-19 

We shall now explore the persistent psychological ramifications of
OVID-19, encompassing both adverse and favourable facets. While
egative consequences such as Posttraumatic Stress Disorder (PTSD),
ognitive deficits, sleep disruptions, substance dependency, social alien-
tion, economic strain, and stigmatization are evident, the review high-
ights positive dimensions like resilience, posttraumatic growth, and
ugmented mental health awareness. Moreover, it underscores the ac-
elerated adoption of telemedicine and digital mental health resources,
ffering novel avenues for mental health care. 53 , 54 

The enduring psychological repercussions of COVID-19 constitute a
ultifaceted domain demanding a meticulous examination. Initially, the

ocus was on immediate psychological distress, but recent research un-
eils the persisting nature of these effects, necessitating a comprehensive
eview to capture the current understanding. This review aims to pro-
ide a detailed analysis of the enduring psychological outcomes of the
OVID-19 pandemic, encapsulating its detrimental and constructive di-
ensions. 55 , 56 The enduring psychological toll of the pandemic is pal-
able in the heightened prevalence of anxiety and depression among
urvivors. Notably, recent literature illuminated a significantly elevated
isk of psychiatric disorders, including anxiety and mood disorders, in
he post-recovery phase. Factors such as the specter of reinfection, the
oss of loved ones, and pervasive uncertainty have collectively con-
ributed to these lingering mental health afflictions, underscoring the
nduring nature of the pandemic’s psychological impact. 57 

The stringent lockdowns and consequential social isolation measures
ave precipitated an alarming surge in alcohol and drug consumption.
his escalating pattern of substance misuse exacerbates existing men-
al health concerns, posing an acute challenge for healthcare practi-
ioners. 58 Economic adversities stemming from the pandemic have aug-
ented the psychological burden, with individuals grappling with job

oss, financial precariousness, and associated stressors. Simultaneously,
he enforced social isolation resulting from quarantine measures has en-
endered sentiments of solitude, further compounding the mental health
redicament. 59 Concurrently, stigmatization and discrimination have
merged as pernicious psychological repercussions of the pandemic.
pecific cohorts, particularly healthcare workers and marginalized pop-
lations have been subjected to prejudice and societal ostracization due
o their perceived links with the virus. 60 Despite the manifold challenges
osed by COVID-19, resilience has surfaced as a noteworthy positive
utcome. Many survivors have reported an intensified appreciation for
ife, enhanced interpersonal relationships, and a rejuvenated sense of
urpose, (2021). 61 

The phenomenon of posttraumatic growth, signifying the capacity
f individuals to discover meaning and personal development amidst
dversity, has been manifested by certain COVID-19 survivors. This un-
erlines the inherent human potential to adapt and flourish in hard-
hip. 62 A notable growth in mental health support has been the ac-
elerated embrace of telemedicine and digital mental health resources.
he effectiveness of virtual mental health services in ameliorating symp-
oms of depression and anxiety. This trend is anticipated to endure post-
andemic, substantially augmenting access to mental healthcare. 63 The
nduring psychological consequences of COVID-19 encompass an intri-
7

ate interplay of detrimental and advantageous outcomes. Furthermore,
he widespread adoption of telemedicine and digital mental health re-
ources represents a promising evolution in the landscape of mental
ealth care. A thorough comprehension of these psychological ramifi-
ations is imperative for addressing the protracted impact of COVID-19
n mental well-being and steering future research and interventions. 

onclusion 

The emergence of Long COVID, or PASC, is a growing concern for
ublic health globally. Through a comprehensive systemic review, we
ave shed light on the diverse and debilitating effects of this complex
ondition. Our review highlights some key findings. Firstly, Long COVID
ffects a large proportion of individuals, with estimates suggesting that
p to 80% experience lasting sequelae beyond the acute phase of in-
ection. Secondly, the symptoms of Long COVID are more widespread
nd varied than initially recognized, encompassing physical, mental,
nd cognitive domains. Fatigue, breathlessness, neurological impair-
ents, and mental health issues are some of the most reported effects.
hirdly, the duration and severity of Long-term COVID symptoms can
ary widely, with some individuals experiencing gradual improvement
hile others face persistent, debilitating symptoms for months or even
ears. Despite ongoing research, the underlying mechanisms of Long
OVID remain largely elusive. There are theories that viral persistence,
utoimmune responses, and multi-organ damage may contribute to the
ondition, but further investigation is crucial. One potential area for
urther research and exploration is the investigation of the impact of
merging technologies on various industries. Another promising avenue
or future study is the examination of the effectiveness of different edu-
ational models and approaches in promoting student learning and en-
agement. Additionally, there is a need for continued exploration of
he intersection between social issues and technology, particularly in
erms of how technology can be leveraged to address pressing societal
hallenges. These and other future directions hold great promise for ad-
ancing our understanding and application of key concepts in a range
f academic fields. 
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