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Abstract: In late December 2019, severe acute respira-
tory syndrome coronavirus type-2 (SARS-CoV-2) was
discovered following a cluster of pneumonia cases in
Wuhan, China. During the early stages of the COVID-
19 pandemic in 2020, it was unclear how this virus
would manifest into a multiorgan impacting disease.
After over 750 million cases worldwide, it has become
increasingly evident that SARS-CoV-2 is a complex
multifaceted disease we continue to develop our under-
standing of the pathophysiology of COVID-19 and how
it affects these systems has many theories, ranging
from direct viral infection via ACE2 receptor binding,
to indirect coagulation dysfunction, cytokine storm,
and pathological activation of the complement system.
Since the onset of the pandemic, disease presentation,
management, and manifestation have changed signifi-
cantly. This paper intends to expand on the long-term
impacts of COVID-19 on the cardiovascular, respira-
tory, urinary, gastrointestinal, and vascular systems of
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the body and the changes in clinical management. It is
evident that the pharmacological, nonpharmacological
and psychological management of COVID-19 patients
require clearer guidelines to improve the survival
odds and long-term clinical outcomes of those present-
ing with severe disease. (Curr Probl Cardiol
2023;48:101756.)

Introduction

evere acute respiratory syndrome coronavirus type-2 (SARS-
CoV-2) was discovered in late December 2019 in Wuhan, China

following a cluster of pneumonia cases linked to a wholesale sea-
food market."” Three years on, this disease has spread rapidly with over
750 million cases recorded worldwide, setting new societal norms to pre-
vent disease transmission across the globe.” Since the outbreak, new
strains including the Omicron variant have been established with new
symptoms of the acute virus being recognized. However, the longer-term
implications are still being determined. This paper aims to expand on the
multiorgan manifestations of COVID-19 across the cardiovascular, respi-
ratory, urinary, gastrointestinal, and vascular systems of the body since
the onset of the pandemic.

Respiratory Involvement of COVID-19

In the early stages of the COVID-19 pandemic, a study of 138 patients
in Wuhan, China” indicated that the presenting features were most com-
monly: fever (99%), fatigue (67%) and dry cough (60%). However, find-
ings via the ZOE COVID study’ following the discovery of the Omicron
variant, identify sore throat (69%) and runny nose (83%) as additional
top presenting features. These symptoms have since been recognized by
the National Health Service in the United Kingdom and have been added
to the list of features to screen for when suspicious of a COVID-19 infec-
tion.” It is likely this list will continue to develop over time with the dis-
covery of future strains.

The long-term manifestations of the COVID-19 disease have become
known as “long-COVID” with the pulmonary systems being one of the
most common systems to have long-term sequelae reported. The World
Health Organization has defined long COVID’ as: “the continuation or
development of new symptoms 3 months after the initial SARS-CoV-2
infection, with these symptoms lasting for at least 2 months with no other

2 Curr Probl Cardiol, September 2023



explanation.” The symptoms of which include fatigue, dyspnea, and cog-
nitive dysfunction. The risk of developing long COVID has also been
linked to the variant causing the infection with data showing the risk to
be lower with the Omicron variant.” A community study in England, UK
of over 600,000 people estimates the incidence of long COVID to be
approximately 15%.” The most reported respiratory long-COVID symp-
toms are dyspnea and a persistent cough.'’ Lung function tests
have also shown a decrease in lung diffusion capacity for carbon monox-
ide (DLCO) in 53% (30 of 57) patients'' 3 months following onset of
infection.

Radiologically, acute COVID-19 demonstrates a similar appearance to
viral pneumonia, displaying peripherally distributed ground glass opacity
on computerized tomography (CT) imaging.'” A study by Han et al'’ fol-
lowing up 114 patients 6 months following onset of infection with
COVID-19, found that fibrotic-like changes remained persistent in over a
third of patients (40/114). Additionally, these changes had further associ-
ations with longer hospital stays, older age, and acute respiratory distress
syndrome (ARDS). An alternative study in Spain by Tarraso et al.'
followed up patients twelve months on. The study found fibrotic-like
sequelae in 22.7% (102/448) of patients who had radiological features at
admission. These fibrotic changes were defined as traction bronchiectasis,
honeycombing, or presence of parenchymal bands.

The long-term respiratory sequelae of COVID-19, including pulmo-
nary fibrosis, will require consideration of further treatment as the burden
will remain a challenge for health care providers in both primary and
secondary care.

Cardiovascular Involvement of COVID-19

Whilst respiratory disease is the most dominant feature of COVID-19,
cardiovascular comorbidities have been shown to increase the risk of
severe COVID-19 and having poorer prognosis.” A meta-analysis com-
pleted by Bea et al.'” including 51 studies and 48,317 patients, concluded
that the overall relative risk of developing severe COVID-19 was signifi-
cantly higher in those with cardiovascular disease (odds ratio 3.11)
including risk factors of hypertension and diabetes (odds ratio 2.50 and
2.25 respectively). Severity included the development of acute respira-
tory distress syndrome (ARDS), hospitalization and the progression of
further complications or death. This risk was increased across all age
cohorts however, younger patients had an overall lower prevalence of
cardiovascular comorbidities.'”
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The mechanism by which SARS-CoV-2 involves the cardiovascular
system is thought to be due to the angiotensin-converting enzyme-2
(ACE2) mechanism of the infection.'® The virus binds to ACE2 to enter
cells by endocytosis to induce cellular damage. ACE?2 is heavily preva-
lent in the respiratory and cardiovascular system, expressed in cardio-
myocytes, cardiac fibroblasts, and coronary artery endothelial cells,
allowing for the virus to initiate cardiac damage.'’ Cytokines released
during the acute infection can also induce myocardial injury, increasing
the risk of a myocardial infarction."®

Cardiovascular manifestations of the SARS-CoV-2 virus include
raised troponin-I of above the 99th percentile in 20% of patients.'” Fur-
ther studies”” on cardiac biomarkers have indicated that raised levels of
Troponin-T are linked to poorer outcomes following infection, suggesting
that early investigation of cardiac troponin may be a useful tool for risk
stratification and 30-day mortality predictions in COVID-19.”'

Long term cardiac sequelae from COVID-19 include ongoing chest
pain which in one study was shown to be present in 21% of survivors
after 60 days,”” and in another study at 6 months, present in 5%.”" Addi-
tionally, the occurrence of arrhythmias has been identified in the 6 month
follow up with 9.3% (154/1655) of previous COVID-19 patients report-
ing ongoing palpitations. A further retrospective cohort study”" has con-
cluded that survivors of COVID-19 had substantially higher incidence of
cardiovascular diseases including atrial fibrillation, myocarditis, ischemic
cardiomyopathy, heart failure and thromboembolic disorders. The risk of
heart failure and myocardial infarction could be increased by 72% and
63%" respectively, following infection with COVID-19. Further studies
with prolonged follow up periods are paramount to determine the long-
term effects of these risks and the management required to overcome
them.

Renal Involvement of COVID-19

Though the lungs are the most commonly affected organ by SARS-
CoV-2, several reviews and clinical evidence have pointed to kidney
involvement as a serious consequence of COVID-19. Acute kidney injury
(AKI) is a common renal complication of SARS-CoV-2 infection, carry-
ing an estimated incidence of 10% in hospitalized patients although some
studies have reported these figures to be as high as 28.6%.°%*’ The
pathophysiology of COVID-19 AKI remains controversial with some
studies pointing to direct viral infection with the renal tropism of
the virus and others describing endothelial injury and activation of the
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renin-angiotensin-aldosterone system as the most pertinent mechanisms
of injury.”® Critically ill patients were found to have the worst baseline
kidney measures, likely due to the cumulative effects of hypotension,
hypoxia, and low cardiac output on tubular function.”® Acute tubular
injury was the most common finding in COVID-19 patients’ biopsies, fol-
lowed by de novo collapsing glomerulopathy and thrombotic microangi-
opathy. Two series of renal biopsy reports from Columbia University
Medical Center and Northwell Hospital Systems found that despite the
presence of rhabdomyolysis and myoglobin casts, patients’ COVID-19
symptomatology was not severe enough to cause de novo acute tubular
injury. This suggests that COVID-19 may potentiate endothelial injury in
patients with pre-existing conditions.”” Other studies have actually pro-
posed direct cellular infection as a more plausible pathophysiological
mechanism of COVID-induced AKI, stating that SARS-CoV-2 penetrates
through angiotensin-converting enzyme to which is very densely concen-
trated in the proximal tubular epithelial cells of the kidney.”’ Despite the
lack of viral particles detected on renal biopsies in these studies, research-
ers have suggested that AKI develops in later stages in critically ill
patients and that it is a marker of long-term multiple organ dysfunction
caused by COVID-19.?" The majority of mechanisms, however, are likely
to overlap with each other and work synergistically to decrease kidney
function, making them difficult to distinguish from each other.

The most common clinical finding of COVID-19 AKI is frequently
reported to be heavy proteinuria followed by hematuria and increased
serum creatinine.”’ In patients with both de novo AKI and a history of
renal disease, SARS-CoV-2 was associated with worse clinical outcomes
than AKI patients without COVID-19.”° AKI incidence undeniably
increases the fatality rate amongst COVID-19 patients, ranging from
33.3% up to 86.4% in ICU patients compared to the 5.6%-9.3% mortality
range in COVID-19 ICU patients without AKL’" In surviving patients,
COVID-induced AKI is associated with impaired long-term kidney func-
tion, demonstrating a consistent 125% baseline serum creatinine eleva-
tion at 180 and 365 days postdiagnosis compared to COVID patients
without AKI. This was especially common in men, older patients, and
those with a past medical history of hypertension and ischemic heart
disease.”™

Despite the severity of concomitant AKI and COVID-19, treatment is
largely supportive without a specific management strategy. Hypovolemia
should be corrected first whereas electrolyte disturbances, notably hyper-
kalemia, should be managed with potassium binders alongside standard
hospital protocol. In the most critically unwell patients who fail to
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respond to conservative management and/or presenting with hemody-
namic instability, renal replacement therapy (RRT) has offered adequate
organ support and prevention of disease progression. However, the long-
term effects of RRT on COVID-19 patients has yet to be studied; further
longitudinal studies are warranted to study the full effect of RRT and
other potential treatments targeted towards COVID-19 AKI patients.” '

Gastrointestinal Involvement of COVID-19

Gastrointestinal (GI) symptoms such as nausea, vomiting, diarrhea,
anorexia, and abdominal pain are the second most common set of clinical
symptoms in COVID-19 patients after the respiratory sequelae. The GI
system, particularly the absorptive enterocytes of the ileum and the colon
and the esophageal epithelium, is rich in ACE2 receptors for the SARS-
CoV-2 pathogen to bind to, explaining the prevalence of GI symptoms
upon infection.”* Furthermore, a study by Ling et al. suggested the possi-
bility of faecal-oral transmission of COVID-19 after finding that 82% of
COVID-confirmed cases had viral RNA in their stool despite negative
nasopharyngeal swabs. If true, faecal-oral transmission presents a new
challenge for healthcare workers who must handle stool samples of
infected patients with extreme caution to prevent more infections.””

Apart from its pivotal role in the renin-angiotensin-aldosterone system,
ACE?2 is a known tryptophan regulator of the GI system that is adversely
affected upon SARS-CoV-2 infection. During COVID-19, the inefficient
absorption of tryptophan by ACE?2 leads to pathological antimicrobial
peptide secretion and altered gut microbiota, disturbing the steady state
of intestinal flora and further exacerbating the inflammatory response.*
Another pathological mechanism of concern is the presence of COVID-
induced GI bleeding, thought to be caused by excessive inflammation
and hypoperfusion leading to thrombotic injury. Damaged, dysfunctional
intestinal flora is a serious medical concern that can cause further multi
organ damage due to the presence of the gut-lung axis and which must be
dealt with appropriately. Despite this, GI involvement in COVID-19 has
not been associated with increased mortality rates in clinical practice; the
main areas of concern were delayed patient rehabilitation and increased
infection rates.”’

Vascular Involvement of COVID-19

Several studies have reported that COVID-19 patients often have vas-
cular involvements. For example, a study by Wichmann et al.*® found
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that 58% of COVID-19 patients had evidence of thromboembolic events,
including pulmonary embolism and deep vein thrombosis. Another study
by Llitjos et al.”” reported that 14% of COVID-19 patients had acute
coronary syndrome, and 25% had elevated troponin levels, indicating
myocardial injury. These findings suggest that COVID-19 can have
serious effects on the cardiovascular system (Table 2).

Many mechanisms have been proposed to explain the vascular
involvement seen in COVID-19 patients. One mechanism is direct viral
invasion of endothelial cells, which can cause endothelial dysfunction
and lead to thrombosis.”’ Another mechanism is an excessive immune
response, which can cause cytokine storm and systemic inflammation,
leading to vascular injury.’' A third mechanism is hypoxia, which can
lead to pulmonary vasoconstriction and pulmonary embolism.”” These

TABLE 1. Timeline of key events during the COVID-19 pandemic”>*”

December 31, 2019 Emergence of a cluster of pneumonia of unknown etiology in Wuhan,

China

January 7, 2020 Virus isolated for genome sequencing

January 11 First death reported in China

January 30 WHO declared the outbreak as a public health emergency of
international concern (PHEIC)

February 2 1st death reported outside China (Philippines)

February 11 WHO announced name for disease—COVID-19

March 11 WHO declared COVID-19 a pandemic

April 4 Global confirmed cases exceeded 1,000,000

April 10 Global death toll exceeded 100,000

April 23 Vaccine trials begin in Oxford, UK

July 22 Global confirmed cases exceeded 15,000,000

September 29 Global death toll exceeded 1,000,000

December 8 UK administers first doses of Pfizer/BioNTech vaccine outside of
clinical trials

December 30 Oxford-AstraZeneca vaccine approved for use in UK

January 29, 2021 EU authorizes Oxford-AstraZeneca vaccine for use in over 18-year-olds

February 20 200 million coronavirus vaccines delivered worldwide

November 26 New B.1.1.529 Covid variant named Omicron

December 12
December 17

January 4, 2022
January 8

March 6
February 28, 2023

WHO announces Omicron variant is more transmissible than the delta
variant but causes milder symptoms.

UK reports daily record in number of cases since beginning of
pandemic with over 93,000 new cases

US report record of 1,000,000 new cases in one day

UK announces total of 150,000 COVID-19 related deaths since start
of pandemic

Global death toll exceeded 6,000,000

69.7% of the world’s population has received at least a single dose of
a COVID-19 vaccine. 13.31 Billion doses administered globally
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TABLE 2.

Data on vascular involvement in patients with COVID-19 from maijor clinical cohort

Sample size

Main findings

Title

studies

Study Study design

Klok Retrospective
etal.”®  cohort study

Lodigiani  Retrospective
etal.*®  cohort study

Middeldorp Retrospective

etal.”?  cohort study
Llitjos Retrospective

etal.®®  cohort study
Bilaloglu  Retrospective

etal.’®  cohort study

Wichmann Retrospective

etal.’®®  cohort study
Lietal.** Retrospective
cohort study

8

184 ICU patients
with COVID-19

388 hospitalized
patients with
COVID-19

198 hospitalized
patients with
COVID-19

26 anticoagulated
severe COVID-19
patients

31% of patients experienced
thrombotic complications,
with a higher incidence in
those receiving prophylactic
anticoagulation compared to
therapeutic anticoagulation.

Incidence of thrombotic
complications in
critically ill ICU
patients with
COVID-19

9.3% of patients experienced Venous and arterial

arterial thrombotic events,
11.3% experienced venous
thrombotic events, and 3.7%
experienced both. Higher
rates were observed in ICU
patients and those with D-
dimer levels > 3 times the
upper limit of normal.

27% of patients experienced
thrombotic complications,
with higher rates in ICU
patients and those with D-
dimer levels > 6 times the
upper limit of normal.

22% of patients experienced
venous thromboembolic
events, with higher rates in
ICU patients and those with
high D-dimer levels.

thromboembolic
complications in
COVID-19 patients
admitted to an
academic hospital in
Milan, Italy

Incidence of venous

thromboembolism in
hospitalized patients
with COVID-19

High incidence of

venous
thromboembolic
events in
anticoagulated
severe COVID-19
patients

3334 hospitalized 11.1% of patients experienced Thrombosis in

patients with
COVID-19

12 ICU deceased
patients who had
COVID-19

1527 patients in
total

arterial thrombotic events,
6.2% experienced venous
thrombotic events, and 16%
experienced both. Higher
rates were observed in those
with cardiovascular risk
factors and elevated D-dimer
levels.

Cause of death in 4 patients
was PE and an autopsy
showed 58% of the patients
had DVT in whom VTE was
never suspected.

81 hospitalized patients with
COVID-19. 8% of patients
experienced ischemic stroke,
with higher rates in those
with severe disease and
elevated D-dimer levels.

hospitalized patients
with COVID-19 in a
New York City health
system

Autopsy findings and

venous
thromboembolism
in patients with
COVID-19

Prevalence and impact

of cardiovascular
metabolic diseases
on COVID-19 in China

(continued)
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TABLE 2. (continued)

Study Study design Sample size Main findings Title
Beyrouti Retrospective 6 patients 48% of patients had large Characteristics of
etal.’®>  cohort study vessel occlusion, with higher  ischaemic stroke
rates in those with severe associated with

disease and elevated D-dimer COVID-19
levels.

Oxley et al., Retrospective 5 patients 79% of patients had large Large-Vessel Stroke as
2020 cohort study vessel occlusion, with higher  a Presenting Feature
rates in those with severe of Covid-19 in the

disease and elevated D-dimer Young
levels.

mechanisms may all contribute to the vascular involvement seen in
COVID-19 patients.

The vascular involvement of patients with COVID-19 has been a
topic of much research and study. Studies have reported a significant
prevalence of thromboembolic events, acute coronary syndrome, and
myocardial injury in COVID-19 patients.”’ These findings suggest
that COVID-19 can have serious effects on the cardiovascular system."*
Several mechanisms have been proposed to explain the vascular involve-
ment seen in COVID-19 patients, including direct viral invasion, an
excessive immune response, and hypoxia.*’

The clinical presentation of vascular involvement in COVID-19
patients can vary depending on the type and severity of the vascular com-
plication. Thromboembolic events, such as pulmonary embolism and
deep vein thrombosis, may present with symptoms such as dyspnea, chest
pain, and swelling in the extremities.”” Acute coronary syndrome may
present with symptoms such as chest pain, shortness of breath, and dia-
phoresis.”” Myocardial injury may present with elevated troponin levels
and abnormal electrocardiogram findings.””

The epidemiology of vascular involvement in COVID-19 patients has
been studied in several populations. For example, a study by Lodigiani
et al.”” found that the incidence of thromboembolic events in hospitalized
COVID-19 patients was 16%, and that the incidence increased with age
and severity of illness. Another study by Guan et al.*® reported that
25.1% of COVID-19 patients had cardiovascular disease at baseline, and
that these patients had a higher risk of mortality compared to those with-
out cardiovascular disease. These findings suggest that vascular involve-
ment is a common and serious complication of COVID-19, particularly
in older and sicker patients.
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Immune System Response

The immune response to COVID-19 plays a critical role in determin-
ing disease severity, with both impaired and hyperinflammatory
responses leading to complications. Recent research has revealed the
importance of T cells in the immune response to COVID-19."’ Studies
have found that T cells play a crucial role in both clearing the virus and
preventing reinfection, and a strong T cell response is associated with bet-
ter clinical outcomes.**"’

Innate immune cells, particularly neutrophils, have also been found to
play a significant role in the development of hyperinflammatory
responses in severe COVID-19 cases.”’ Elevated neutrophil-to-lympho-
cyte ratios have been found in patients with more severe disease, suggest-
ing a role for neutrophils in the cytokine storm associated with severe
COVID-19.°""" This has led to investigations into the use of neutrophil-
targeted therapies as a potential treatment for COVID-19.

Recent developments in treatments targeting the immune response
include the use of steroids and monoclonal antibodies targeting IL-6.7
New therapies, such as Janus kinase inhibitors and CC chemokine recep-
tor 5 antagonists, are also in clinical trials for the treatment of cytokine
release syndrome in COVID-19.””

The cellular immune response to COVID-19 involves the activation of
T cells, which are responsible for recognizing and killing virus-infected
cells. Recent research has shown that patients with severe COVID-19
have lower levels of T cells and reduced function of these cells compared
to patients with mild disease.”* CD8+ T cells, which are responsible for
killing virus-infected cells, have been found to be particularly important
in controlling the virus.”> However, the virus has developed strategies to
evade the immune response, such as by suppressing T cell activation and
inducing T cell exhaustion.™®

The molecular immune response to COVID-19 involves the activation
of innate immune sensors, such as Toll-like receptors (TLRs) and inflam-
masomes, which recognize viral components and trigger the production
of proinflammatory cytokines. Recent research has shown that patients
with severe COVID-19 have higher levels of proinflammatory cytokines,
such as interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-w),
compared to patients with mild disease.”’ This excessive cytokine
response, known as a cytokine storm, can lead to tissue damage and mul-
tiorgan failure. The virus has also been shown to modulate the immune
response by inhibiting the production of type I interferons, which are
important antiviral cytokines.’®
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Other Organ Involvement

COVID-19 is a multiorgan disease with significant extrapulmonary
involvement, including but not limited to the central nervous system
(CNS), the hematopoietic system, the bone marrow, and the liver.””
COVID-19 has been shown to alter the permeability of the blood-brain
barrier, allowing viral particles to attach to neuronal ACE2 receptors and
provoke an inflammatory response, causing symptoms such as headaches,
dizziness, and altered sense of taste and smell.°” In the most severe cases,
COVID-associated neurological conditions include encephalitis and
demyelinating diseases, thought to be mediated by the cytokine storm
and glial cell overactivation.”” Neurological manifestations are the most
common sequelae seen in “long COVID,” with mood disturbances,
severe fatigue, cognitive impairment, and sleep disorders being of signifi-
cant concern.”’ These symptoms, though independent of disease severity
and unrelated to long-term mortality, significantly affect quality of life
and have no specific treatment guidelines. The reversibility of these neu-
rological findings remains unknown as not enough literature on long-
term patient follow-up exists.®”

Hematological complications of COVID-19 are of particular concern,
too. COVID-19 is a known cause of significant lymphopenia and CD8+
T-cell exhaustion, leading to a weakened immune system and a cytokine
storm. Of particular worry is COVID-induced neutrophilia that comes
with a significantly increased mortality risk likely due to bacterial super-
infection with opportunistic organisms. Neutrophilia and lymphopenia
have been reported in up to 75% of critically ill COVID-19 patients in
ICU with those who died presenting with continually decreasing lympho-
cyte counts until death. Thrombocytopenia has been correlated with dis-
ease severity, with some meta-analyses suggesting that low platelet count
is associated with a nearly 5-fold augmented risk for severe COVID-19
development. Direct bone marrow toxicity as a result of viral infection,
as well as mechanical ventilation-induced endothelial damage and patho-
logical platelet activation, are thought to be the primary mechanisms
behind the thrombocytopenia seen during COVID, although the extent of
each mechanism is unclear and they are thought to all work together syn-
ergistically. Furthermore, endothelial injury and patient immobility are
risk factors for hypercoagulability, explaining why COVID-19 patients in
ICU commonly develop acute thrombotic events that subsequently lead
to acute stroke, venous thromboembolism, and acute limb ischemia.
COVID-19 patients, especially those who are older and more frail, must
undergo complete blood counts and inflammatory marker checks both at
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the beginning of their disease and throughout their ICU stay as early iden-
tification of severe hematological malignancy could decrease mortality
and morbidity rates.®”’

COVID-associated liver damage is another multiorgan manifestation
that must be given careful consideration. Though the majority of
COVID-related liver damage has been reported to be very mild, even a
mild loss of liver function can adversely affect patients, including but not
limited to altered therapeutic efficacy of antiviral drugs that are metabo-
lized through the liver and altered production of acute phase reactants,
coagulation factors, and albumin.®* Patients with a past medical history
of liver disease, such as hepatic cirrhosis, hepatocellular carcinoma, and
HBV/HCV hepatitis, are particularly vulnerable to COVID-19 infection
and thus a worse clinical prognosis. Although larger cohort studies are
needed to determine this finding, several smaller case reports have found
a correlation between hepatic injury and the development of acute respi-
ratory distress syndrome in COVID patients, leading to higher morbidity
and mortality in these patients.*”*°

Clinical Management

Patients with signs of pneumonia and those of the high-risk group are
indicated for hospitalisation.”” Those with mild flu-like symptoms are
discharged, supplemented with symptomatic treatment, and advised to
return if the illness worsens.®® Symptomatic treatment includes the use of
nonsteroidal anti-inflammatory drugs (NSAIDs) and acetaminophen for
fever, cough suppressants, and hydration.®°%-"

Noninvasive oxygenation is generally not recommended in hypoxemic
COVID-19 patients, particularly the use of high nasal flow oxygen.”””!
Noninvasive ventilation with continuous positive airway pressure
(CPAP), rather than bilevel positive airway pressure, is preferred. A tar-
get peripheral oxygen saturation (SpO2) of 92%-96% has been sug-
gested.”” Endotracheal intubation is indicated upon acute deterioration or
failure of response towards standard oxygen therapy.®®’’ Higher, instead
of lower, positive end-expiratory pressure (PEEP) is recommended.®” For
severe acute respiratory distress syndrome (ARDS), prone ventilation for
16 hours/day is suggested.”” Additional rescue interventions include
extracorporeal membrane oxygenation (ECMO).”*’*">

Upon recognition of sepsis, standard care is to be commenced as soon
as possible. This includes initiation of fluid bolus and vasopressors for
hypotension.’® Prophylaxis against venous thromboembolism (VTE) is
strongly recommended, with low molecular weight heparin (LMWH)
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preferred over unfractionated heparin.’” Nonpharmacological modalities
such as intermittent pneumatic compression stockings are also recom-
mended.”® Acute kidney injury (AKI) can be managed by continuous
renal replacement therapy (CRRT), while intermittent RRT has been sug-
gested to be as effective.®’ Cardiac support can be managed with direct
input from the cardiology team and inotropic support if required.®’-"*"¢

Routine corticosteroids are not recommended unless for trial purposes
or other indications such as adrenal insufficiency, asthma, or chronic
obstructive pulmonary disease. Remdesivir, a broad-spectrum antiviral
drug, has been approved by the US Food and Drug Administration (FDA)
for the treatment of hospitalized patients with COVID-19.”""* Tocilizu-
mab, a monoclonal antibody, has been approved in some countries for the
treatment of COVID-19 patients with severe cytokine release syn-
drome.”” In addition, the FDA has issued an Emergency Use Authoriza-
tion for the use of convalescent plasma in hospitalized patients with
COVID-19.”""

How Patients Might Benefit From Further Interventions

The COVID-19 pandemic has challenged healthcare systems world-
wide.”” With millions of confirmed cases and hundreds of thousands of
deaths, there is an urgent need for effective interventions to prevent and
treat the disease.”” While significant progress has been made in clinical
management of COVID-19 (Table 3), there is still a need for further inter-
ventions to help patients infected with COVID-19.”’

Pharmacological interventions have been widely used to manage
COVID-19 patients. Several drugs have been repurposed to
treat COVID-19, including antivirals, corticosteroids, and immunomodu-
lators.”® Remdesivir is an antiviral drug that has been shown to reduce
recovery time in hospitalized COVID-19 patients.”” Corticosteroids such
as dexamethasone have also been found to reduce mortality in patients
with severe COVID-19 (RECOVERY Collaborative Group, 2021).5"%!
Furthermore, the combination of baricitinib and remdesivir has been
found to reduce recovery time and accelerate clinical improvement in
COVID-19 patients, particularly those receiving high-flow oxygen or
noninvasive ventilation.*> Although the effectiveness of these drugs in
treating COVID-19 patients varies, they remain an important part of the
management of COVID-19.%

Nonpharmacological interventions have also been used to manage
COVID-19 patients. These interventions include respiratory support,
such as oxygen therapy and mechanical ventilation, and extracorporeal
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TABLE 3. Systematic reviews on clinical management of COVID-19

Reference Key findings

Beigel et al.”®

Remdesivir was associated with faster recovery and
lower mortality in hospitalized COVID-19 patients with

lower respiratory tract infection.

Horby et al.®* Dexamethasone reduced mortality in hospitalized
COVID-19 patients receiving respiratory support.
Kalil et al.®? Baricitinib and remdesivir combined were better than

remdesivir alone in treating Covid-19 patients,
especially those needing high-flow oxygen or
noninvasive ventilation.

RECOVERY Collaborative Tocilizumab reduced mortality and the need for
Group (2021)%° mechanical ventilation in hospitalized COVID-19
patients with hypoxia and systemic inflammation.
Siemieniuk et al.*%* There was insufficient evidence to support the use of

antiviral agents, corticosteroids, or interleukin-6
inhibitors in COVID-19 patients.

Sterne et al.*®® Dexamethasone reduced mortality in hospitalized
COVID-19 patients receiving respiratory support.
WHO Rapid Evidence Hydroxychloroquine, lopinavir/ritonavir, and interferon
Appraisal for COVID-19 beta-1a did not reduce mortality or the need for
Therapies (REACT) mechanical ventilation in hospitalized COVID-19
Working Group (2020)°° patients.

membrane oxygenation (ECMO) for patients with severe respiratory
failure.”>*"% Proning, the process of turning a patient onto their stom-
ach, has also been found to improve oxygenation in COVID-19 patients
with acute respiratory distress syndrome (ARDS).*® Furthermore, the use
of convalescent plasma, monoclonal antibodies, and hyperimmune globu-
lin has shown promise in treating COVID-19 patients.”’

The COVID-19 pandemic has had a significant impact on mental
health, with many individuals experiencing anxiety, depression, and post-

TABLE 4. Potential interventions to benefit COVID - 19 patients

Intervention Possible benefit

Monoclonal Antibodies*%¢1°7

High-Flow Oxygen Therapy°%1%°
Convalescent Plasma®”**°
Anticoagulation Therapy
Remdesivir 913

Reduce viral load and decrease hospitalization rates

Improve oxygenation and prevent intubation

Boost immunity and reduce mortality rates

Prevent blood clots and improve survival

Shorten recovery time and decrease need for
supplemental oxygen

Dexamethasone®° Reduce mortality rates in severe cases

111,112

Baricitinib®%1%4 Accelerate clinical improvement and reduce
recovery time
Vaccination®°:8¢ Prevent infection and reduce transmission rates
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traumatic stress disorder (PTSD).*® Psychological interventions, such as
cognitive-behavioral therapy (CBT) and mindfulness-based interven-
tions, have been found to be effective in reducing anxiety and depression
in COVID-19 patients.”” Additionally, online and telehealth interventions
have been developed to provide psychological support to COVID-19
patients and healthcare workers (Fig 1).””

Vaccination

Vaccination has been an essential tool in controlling the COVID-19
pandemic. The development and distribution of vaccines have been criti-
cal in preventing severe illness, hospitalization, and death caused by the
virus (Fig 2).

Large-scale clinical trials and real-world data have consistently dem-
onstrated that COVID-19 vaccines are highly effective in preventing
severe illness, hospitalization, and death caused by the virus. Studies
have shown that vaccines from Pfizer-BioNTech, Moderna, Johnson &
Johnson, and AstraZeneca have efficacy rates ranging from 66%-95% in
preventing symptomatic COVID-19.”" Furthermore, recent studies have
shown that vaccination reduces the risk of hospitalization, ICU admis-
sion, and death by more than 90%.”"

Several studies have reported the effectiveness of COVID-19 vaccines
against new variants of the virus.”” The Pfizer-BioNTech vaccine has
shown a 91% effectiveness against the Delta variant, while the Moderna
vaccine has shown a 76% effectiveness.”” The AstraZeneca vaccine has
shown a 67% effectiveness against the Delta variant after 2 doses, and
the Johnson & Johnson vaccine has shown a 71% effectiveness against
severe disease caused by the Delta variant.””

COVID-19 vaccines can cause side effects, but the vast majority of
these are mild to moderate and resolve within a few days. The most com-
mon side effects include pain and swelling at the injection site, fatigue,
headache, fever, and chills. Serious side effects, such as anaphylaxis,
have been reported but are rare. The benefits of vaccination far outweigh
the risks of potential side effects.

Current evidence suggests that COVID-19 vaccination is highly effec-
tive in preventing severe illness, hospitalization, and death caused by the
virus.”” The vaccines also appear to be effective against emerging var-
iants of the virus, although their efficacy may be slightly reduced.”
Recent studies have shown that the protection provided by the vaccines
against severe illness and hospitalization can last for at least 6 months.”
Long-term safety data are still needed to fully evaluate the potential risks
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Presentation of viral antigens to T cells by antigen-
presenting cells

Activation of T cells, including CD4+ helper T cells
and CD8+ cytotoxic T cells

Differentiation of T cells into effector cells, such as
Thl cells and Tcl cells, which secrete cytokines and |
kill infected cells

B cell activation and production of antibodies against
the virus

Formation of memory T and B cells for long-term
immunity

Potential dysregulation of the immune response, ‘
leading to cytokine storm and tissue damage
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neurological symptoms

« Activation of the innate i is y for initiating and coordinating the adaptive
immune response. The release of cy10kmes and ct kines by innate i cells plays an important
role in recruiting additional immune cells to the site of infection.

*Neutrophils and natural killer cells are important immune cells that play a crucial role in fighting
viral infections. They are recruited to the site of infection by cytokines and chemokines released
by the innate immune cells.

+CD4 helper T cells and CD8+ cytotoxic T cells are activated in 0 of viral antigens by
antigen-presenting cells. CD4+ helper T cells help to coordinate the immune response by activating other immune
cells, while CD8+ cytotoxic T cells directly kill infected cells.

*Th1 cells and Tcl cells are effector T cells that are differentiated from CD4+ helper T cells and
CD?*_— (}yto_toxic T cells, respectively. They secrete cytokines and kill infected cells to control the
viral infection.

B cells are activated in resp to viral anti d by antigen-presenting cells. They
differentiate into plasma cells that produce antibodies against the virus.

*Memory T and B cells are formed as a result of the adaptive immune response. They provide long-
term immunity against future infections with the same virus.

*Dysregulation of the i T can occur in some individuals, leading to excessive
productmn of cytokines and chemokmes known as cytokine storm. This can cause tissue damage
and contribute to the severity of COVID-19.

°COVID 19 can cause multiorgan damage, i g lung d: 1 licati and
due to the sy i eﬁ'ems of the immune response and the direct effects of the
virus on different organs.

FIG 1. Flow diagram on the immune response pathway for COVID-19.
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of vaccination, although current data suggest that serious adverse events
are rare.

Conclusion

Though it is frequently thought of as a pulmonary disease, COVID-19
is a serious multiorgan pathology that can affect several organ systems
including the cardiovascular, renal, hematological, central nervous, and
gastrointestinal in the most severe cases. Several theories exist with
regards to COVID-19 pathophysiology in all these organs, ranging from
direct viral infection via ACE2 receptor binding to indirect methods such
as coagulation dysfunction, cytokine storm, and pathological activation
of the complement system. Clearer guidelines need to be implemented
for COVID-19 patients presenting with multiorgan failure to improve
their survival odds and long-term clinical outcomes.
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