Review Article

Systemic manifestations of COVID-19
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Abstract

Coronavirus disease 2019 (COVID-19), caused due to a novel coronavirus SARS-CoV-2, has swept across the planet and has
become a public health emergency of international concern. Like other coronaviruses, it predominantly involves the respiratory
system. However, several atypical manifestations of the disease have been reported worldwide in a short span of time. Almost
all organ systems (cardiovascular, gastrointestinal, renal, hepatic, endocrine, and nervous system) have been reported to be
involved. This review concisely summarizes the systemic effects of COVID-19, thus emphasizing that the disease can present
in various forms and the healthcare workers need to be extra vigilant, approaching all patients with a high index of suspicion.
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Introduction

In December 2019, there was an outbreak of a highly
contagious pneumonia in Wuhan city of China, caused due to
an enveloped RNA beta coronavirus phylogenetically similar to
severe acute respiratory syndrome coronavirus (SARS-CoV),
named as SARS-CoV-2.""" The pneumonia was designated
as coronavirus disease 2019 (COVID-19).2! Although
the initial transmission was thought to be zoonotic, it is now
spreading from person to person through droplets (directly or
through contaminated surfaces) and possibly aerosols with a
mean incubation period of 5.2 days.?* SARS-CoV-2 uses
the same angiotensin-converting enzyme 2 (ACE2) cell
receptor for entry to host cell as was used by SARS-CoV
but with significantly enhanced binding affinity due to single
mutation in its spike protein.?!

COVID-19 has been declared as a pandemic by the World
Health Organization (WHQO) on March 12, 2020. As
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of June 18, 2020, it has affected 8,489,705 people and
caused 452,431 deaths. Patients commonly present with
fever, cough, shortness of breath, myalgia, fatigue, and less
commonly with sputum production, hemoptysis, headache,
and diarrhea.”® Elderly males with comorbidities (diabetes,
hypertension, and coronary artery disease) are more likely to be
affected™ as compared to children, who either are not infected
are or have only undetectable disease.!'” Leucocyte counts
may be normalor low.!® Lymphopenia i1s remarkable.®!
Severe disease has increased lactate dehydrogenase (LDH),
D-Dimer, erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP) with normal procalcitonin. COVID-19
involves multiple organ systems and has varied systemic
effects [Figure 1].

Systemic Manifestations of COVID-19

Respiratory manifestations
Respiratory system is predominantly involved with
manifestations varying from mild flu-such as illness, fulminant
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Figure 1: Systemic manifestations of COVID-19

pneumonia to potentially lethal acute respiratory distress
syndrome (ARDS).'"2 ARDS, clinically diagnosed by
Berlin’s criteria, commonly develops between 1-2 weeks
after symptom onset with reported incidence varying from
17 —29%.8.13-151 Chest radiographs in all patients have bilateral
infiltrates and common chest computed tomography (CT)
findings include ground-glass opacities and consolidation.!'®!
Diagnosis is done by real-time reverse transcriptase polymerase
chain reaction (RT-PCR) of upper and lower respiratory

tract secretions.”!

ARDS occurs either due to virus acting directly through
ACE2 receptors in lungs!'? or secondary to cytokine storm.®
Although postmortem biopsies of COVID-19 lung have
revealed viral cytopathic changes with typical ARDS findings
(diffuse alveolar damage with hyaline membranes),!'” a study
from Italy suggested that COVID-19 pneumonia causes
atypical ARDS as lung mechanics are unusually preserved

U8 Another distinct mechanism

for the degree of hypoxemia.
proposed for respiratory failure suggested that some of viral
surface proteins and glycoproteins combine with porphyrin
to form a complex and several others coordinate to attack the
heme on the beta-1 chain of hemoglobin to dissociate iron to
form porphyrin. This decreases the capacity of hemoglobin
to carry gases and affects gas exchange in the lungs causing
intense inflammation and ground-glass-like lung images.
Chloroquine could prevent the binding of these surface
proteins and glycoproteins to porphyrin and relieve respiratory
distress.!™!

ARDS in COVID-19 presents as two different phenotypes.

The L-phenotype has lesser lung weight, preserved lung
compliance, and hypoxia. Such patients, primarily treated with

oxygen, are given high flow nasal cannula, continuous positive
alrway pressure, or noninvasive ventilation if dyspneic. Once
intubated, their compliant lungs can tolerate liberal tidal volume
and do not benefit much from high positive end-expiratory
pressure (PEEP), recruitment, and proning. Early intubation
may prevent progression to H-phenotype which is associated
with low compliance, increasing lung weight, and right-to-left
shunt. Their lungs are recruitable and they should be treated as
conventional ARDS, with high PEEP, prone positioning, and
extracorporeal support along with the other evidence-based
treatment guidelines for ARDS.?%2 Although corticosteroids
are not recommended routinely, some suggest that their use
in early disease may prevent ARDS development.!'”?2 The
Surviving Sepsis Campaign (SSC) COVID-19 panel has
recommended (weak recommendation) the use of systemic
steroids in mechanically ventilated patients with respiratory

failure due to COVID-19.[22

Septic shock

Sepsis has been reported in around 60% of patients with
COVID-19 and septic shock in 4-20%.!">% Sequential
Organ Failure Assessment (SOFA) is a good diagnostic
marker for sepsis. Pathogenesis possibly is due to the direct

ivolvement of SARS-CoV-2 infection.!"!

Clinical management includes infection prevention and control
measures with supportive care. The SSC guidelines propose
the use of antimicrobials empirically in patients with respiratory
failure on mechanical ventilation, with regular assessment of
descalation, along with routine sepsis care as in any other
non-COVID patient. The use of antivirals (lopinavir/ritonavir),
recombinant interferons, chloroquine/hydroxychloroquine,
tocluzimab, immunoglobulins, and convalescent plasma have
not been suggested based on insufficient evidence.”?! Guidelines
issued by Infectious Diseases Society of America IDSA) too
express that any medical treatment for COVID-19 should
be used only in context of clinical trials.” In an already
conducted trial of 200 hospitalized patients, antiretroviral
protease inhibitor lopinavir/ritonavir showed no benefit
beyond standard care.?”! Recently, based on two randomized
controlled trials (RCTs), the United States Food and Drug
Administration (US-FDA) has granted emergency use
authorization for use of remdesvir.?® Clinical trials in China
have studied the effectiveness of chloroquine phosphate, an
aminoquinoline antimalarial treatment, against COVID-19.27
Chloroquine increases the endosomal pH making environment
unfavorable for the virus/cell fusion and affects the glycosylation
process of ACE2.28291 However, there is no evidence of
improved outcomes.?>?4?"! Even while awaiting the evidence,
many clinicians are already using hydroxychloroquine
400-600 mg daily for 5 days treatment of patients with
severe COVID-19.8% Recently, FDA has revoked the
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previously granted emergency approval for using chloroquine
and hydroxychloroquine in the treatment of COVID-19 in
patients outside of the hospital setting or clinical trials due to
increased risk of cardiac complications.?" The Indian Council
of Medical Research COVID- 19 National Task Force has
advocated extended hydroxychloroquine prophylaxis for
selected individuals.A small nonrandomized clinical trial had
shown that hydroxychloroquine reinforced by azithromycin
significantly reduces viral load COVID-19 patients.??
However, an observational study of hydroxychloroquine
in 1446 hospitalized patients with COVID-19 had
failed to demonstrate any significant association between
hydroxychloroquine treatment and composite end-point of
intubation or death thus emphasizing the need for further
trials.?*! Antiparasitic drug Ivermectin has also seen to inhibit

SARS-CoV?2 in vitro and needs further evaluation.?*

Cytokine storm

Secondary hemophagocytic lymphohistiocytosis (sHLH)
1s a hyperinflammatory syndrome characterized by a
hypercytokinemia with multiorgan failure. Approximately
50% of patients have pulmonary involvement (ARDS) with
unremitting fever, cytopenias, and hyperferritinemia. A cytokine
profile resembling sHLH (increased interleukin (IL)-2,
[L.-7, interferon-y inducible protein 10, granulocyte-colony
stimulating factor, tumor necrosis factor-o, monocyte
chemoattractant protein 1 and macrophage inflammatory
protein 1-at) is associated with severe COVID-19 infection.??

Patients with severe COVID-19 should be screened for
hyperinflammation (rising ferritin, decreasing platelets,
or erythrocyte sedimentation rate) and get HScore (for
diagnosis of HLLH) calculated to identify patients for whom
immunosuppression would reduce mortality. Therapeutic
options include steroids, intravenous immunoglobulin,
selective cytokine blockade (e.g., anakinra for interleukin-1 or
tocilizumab for interleukin-6) and Janus kinase inhibition.
It has been suggested that low volume plasma exchange with
low dose steroids in sHLLH may improve survival.?® Although
SSC guidelines have not supported these treatments, FDA
has issued guidance for usage of convalescent plasma in
COVID-19 and approved toclizumab for Phase III clinical
trial.2237381 Also, several nonrandomized studies have
suggested that use of several cytokine adsorption devices to
reduce inflammatory cytokine levels and hence their associated
complications.?%40

Cardiovascular manifestations

Pre-existing cardiovascular disease (CVD) and CV risk
factors increase vulnerability to COVID-19. Conversely,
COVID-19 can worsen underlying CVD and precipitate

new cardiac complications,!? such as increased risk of acute

myocardial injury, myocardial infarction, heart failure and
arrhythmias. Postulated mechanisms include direct myocardial
injury ((myocardial necrosis, direct myocardial and vascular
infections), cytokine storm (causing myocardial depression
and plaque rupture), myocardial oxygen supply-demand
mismatch (increased demand secondary to sympathetic
stimulation and decreased supply because of hypoxia) and

hypercoagulabilty.!'>#!!

Until a specific therapy for COVID-19 is established,
treatment of cardiovascular complications should be based on
existing guidelines for CVD with use of antiplatelet agents,
B-blockers, statins, and ACE inhibitors. Immunomodulators

by curtailing the hyperinflammatory response may have some
role in fulminant myocarditis and ARDS. "

Endocrine and metabolic manifestations
Coronavirus attaches to ACE2 cells of pancreas, enters the islets
and causes beta-cell dysfunction resulting in hyperglycemia and
transient Type-2 Diabetes Mellitus (T2DM). Hypertension
and T2DM are the most prevalent comorbidities in patients
with severe coronavirus infections. In patients T2DM,
increased activation of proinflammatory angiotensin (AT)
1 and AT2 receptor pathways cause increased expression
of ACE2 receptor in pancreas and other tissues, leading
to higher susceptibility of infection and multiorgan failure.
This triggers a dysregulated immune response and excessive
cytokine release leading to aggravated lung pathology and
tenfold increased risk of death.?

Antidiabetic medication (Glucagon-like-peptide-1 agonists)
may improve glucose metabolism and blood pressure by
improving metabolic function and inducing activity of
protective ACE2 and Mas receptor pathways. Competitive
binding to ACE2 prevents coronaviruses from entering cells
and may restore pulmonary function.

Hematological manifestations

COVID-19 patients have lymphocytopenia, thrombocytopenia,
and leukopenia or normal WBC count.*"! Coagulopathy
similar to disseminated intravascular coagulation (DIC) is
likely in severe disease due to coagulation activation from
sepsis, cytokine storm , and impending multi-organ failure.*}!

As in DIC, widespread microvascular thrombosis and
consumption of coagulation factors causes thrombocytopenia,
prolonged prothrombin time, partial thromboplastin time,
elevated D-dimer, and decreased fibrinogen levels. Peripheral
smear shows microangiopathy with schistocytes. Elevated
D-dimer at admission and increasing D-dimer levels (3- to

4-fold) over time have been associated with high mortality.™*!

Journal of Anaesthesiology Clinical Pharmacology | Volume 36 | Issue 4 | October-December 2020 437



Mahajan, et al.: Systemic manifestations of COVID-19

For treating coagulopathies, management of underlying
condition 1s paramount. Transfusion is reserved only in cases
with active bleeding, requiring an invasive procedure, or patients
at high risk for bleeding complications.?! Early application of
anticoagulation with low molecular weight heparin (LMWH)
has a better prognosis in severe COVID-19 with markedly
elevated D-dimer.™

Vascular manifestations

Hypercoagulability, increased microvascular thrombosis, possible
epithelial damage, and endothelial dysfunction (as in other
influenza pneumonias) along with reduced physical movement due
to quarantine requirement can precipitate pulmonary embolism in

patients with COVID-19. CT Pulmonary Angiogram facilitates
diagnosis when D-Dimer is markedly elevated. !

Therapeutic anticoagulation is indicated in documented PE.
Prophylactic anticoagulation when given to all hospitalized
COVID-19 patients, despite abnormal coagulation tests
(in absence of other contraindications active bleeding, and

platelet count <25 X 109/L, or fibrinogen <0.5 g/L.), may

decrease mortality.[*)!

Gastrointestinal manifestations

Diarrhea, abdominal pain, and vomiting are seen in 2—10%
of patients. The virus nucleic acids can be detected in stools

[12,46] ATZ

receptors are present in stratified epithelial cells of upper

causing likelihood of faeco-oral transmission.

esophagus and absorptive enterocytes of ileum and colon.
Viral infection increases gastrointestinal wall permeability to
foreign pathogens. Enterocyte invasion leads to malabsorption

and diarrhea. Accordingly, ACE2 based strategies should

be accelerated for diagnosis, prophylaxis, or treatment.®!

Neurological manifestations

Neurological symptoms of COVID-19 fall into three
categories: central nervous system symptoms (headache,
dizziness, impaired consciousness, ataxia, acute cerebrovascular
disease including cerebral hemorrhage and infarction, and
epilepsy), peripheral nervous system symptoms (hypogeusia,
hyposmia, hypopsia, and neuralgia), and skeletal muscular
symptoms748! (discussed later). A few cases of acute
hemorrhagic encephalopathy, encephalitis, and convulsive
seizures have also been reported.[**>"! The expression of
ACE2 in the nervous system may contribute to neurological
symptoms of COVID-19. Neurological complications are
more common with severe disease and neurological involvement
carries a poor prognosis.”!

Musculoskeletal manifestations
Patients have myalgias, fatigue, and elevated creatine kinase

levels,® probably because of binding of SARS-CoV2

to ACE2 1n skeletal muscles or secondary to elevated
pro-inflammatory cytokines causing muscle damage.™” Few
cases with rhabdomyolysis have been reported.®

Hepatic manifestations

The incidence of liver injury in severe COVID-19 infection
is 14.8% to 53%. It manifests as slightly elevated bilirubin,
abnormal alanine, and aspartate aminotranferase, elevated
gamma-glutamyltransferase, elevated alkaline phosphatase,
and hypoalbuminemia.??%3

Apart from direct viral infection through ACE2 receptors in
liver and bile duct cells and immune-mediated inflammation,
pneumonia associated hypoxemia and drugs (lopinavir/
ritonavir, antibiotics, steroids) are additional factors
contributing to liver injury. Mild liver damage is transient
and can be managed conservatively. Interaction between
prexisting chronic liver disease and COVID-19 has not yet
been studied.?>4

Renal and electrolyte disturbances

Acute Kidney Injury (AKI) with COVID-19 infection,
is reported to have an incidence of 5-23%!"4%! and
in-hospital prevalence of 40%.5% Patients have proteinuria,
hematuria, low glomerular filtration rate, and elevated
blood urea nitrogen and serum creatinine levels.?>%
Computerized tomography (CT) scan of kidneys in
affected patients reveal inflammation and edema of renal
parenchyma.P®

The possible mechanisms include dehydration secondary
to fever and decreased intake in old persons, hypoxia,
hypovolemia, and ischemia leading to tubular necrosis,
infection of renal cells by SARS-CoV-2 through ACE2
receptors, cytokine storm syndrome and rhabdomyolysis.
Other precipitating factors included presence of
uncontrolled diabetes or hypertension and inappropriate use
of nonsteroidal anti-inflammatory drugs (NSAIDS) .50
Development of renal failure increases risk of in-hospital
mortality.”®

Management is supportive by providing adequate hydration
and avoiding nephrotoxic drugs. Dialysis is generally required
during second week of infection in around 5% of ICU
patients. The choice of modality, hemodialysis (HD) or
slow low-efficiency dialysis (SLED) or continuous renal
replacement therapy (CRRT) will depend on patient’s
hemodynamics, available resources, and local expertise. In
view of increasing number of cases, if capacity is exceeded,
reducing intermittent HD time to 3 hours, CRRT time to
10 hours with augmented flow rates (40-50 ml/kg/h) or acute

peritoneal dialysis have been suggested.?”!
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Pregnancy and COVID-19

Pregnant women being immunosuppressed are at high risk
of COVID-19 infection. Clinical features in pregnancy are
similar to those reported for nonpregnant adults. In addition,
it can cause intrauterine growth restriction, miscarriage,
preterm delivery, and fetal distress, but it is not transmitted
vertically to the fetus.™** Mother-to-child transmission of
respiratory viruses mainly occurs through close contact from

caregivers.®

Mothers having or suspected to have COVID-19 should be
carefully monitored before and after delivery. Confirmed cases
should be treated with antibiotics and antiviral medication
after childbirth. Mothers and neonates should be taken care
of in 1solated rooms and breastfeeding avoided until infection
is ruled out.””!

Pancreatic manifestations

Pancreatic injury defined by elevation of serum amylase
and lipase has been seen in 17% patients. Higher ACE2
expression in pancreatic islets leads to direct cytopathic effect
by local SARS-CoV-2 replication cause damage of islets and
subsequently acute diabetes. Other suggested mechanisms
include systemic responses to respiratory failure or cytokine

storm induced by SARS-CoV-2 infection or drug-related

pancreatic injury.?*

Psychosocial issues

COVID-19 pandemic has created enormous psychosocial
disturbances. Nonpharmacological interventions to prevent
the disease spread (social distancing, lockdowns) has affected
millions of lives and economic exchanges. Many problems
are being faced by the individuals, healthcare workers,
governments, and public health systems:

Individuals

There is a constant worry about own and family’s health
leading to stress, anxiety, depression, feeling of helplessness,
and negative emotions.”’ Economic stress, social isolation,
and decreased access to religious support can increase
the incidence of suicide.”" Individuals in quarantine can
experience many negative emotions such as anger, confusion,
boredom, frustration, lack of supplies, improper information,
financial loss, and stigma. People who depend on daily wages
for their living long to move back to their native places, as they
unable to sustain without any wages, food, and shelter.!?
Health care workers

The exponential rise in the number of cases has posed a
strain on the entire health care system. HCWs are in a state
of fear and anxiety. A study showed that excessive workload
and working hours, sleep deprivation, lack of essential

resources (such as hand sanitizers, N95 masks, personal
protective equipments (PPEs), beds, medicines, ventilators),
and failure to control the disease has led to burnout in 54.4%
of physicians.®®! In worst-affected areas, physicians are having
to make the toughest decisions they never before had to face,
such as triaging the ventilators, which might expose them to
an enormous emotional and spiritual burden. Other issues
include facing discrimination in society and being asked to
stay away as they are taking care of COVID patients® and
constant fear of bringing infection home to their families. [¢>0]
Some feel that it’s a suicide mission, so have resorted to writing
their wills.[”)

Secondary infections

Secondary infections such as hospital acquired pneumonia,
bacteremia and urinary tract infection have been seen in around
10-15% of COVID-19 patients, more so in nonsurvivors than
survivors, 814231

Mortality

The estimated mortality rate in India (3.3%)°® is almost the
same as in the world (3.4%). Case fatality rate 1s around
2%.1 The odds of death rise with older age, high SOFA
score, and high admission D-dimer levels. Nonsurvivors had
a higher rate of comorbidities such as diabetes, hypertension,
and coronary heart disease as well as higher laboratory
values of troponin, myoglobin, CRP, and inflammatory
biomarkers (interleukin-6 and serum ferritin). Nonsurvivors
showed higher rates of complications such as respiratory
failure, circulatory failure, septic shock and myocardial
damage than survivors.!?>%"!

Adverse effects of various therapies
Chloroquine interacts with lopinavir/ritonavir, causing
prolonged QT interval.?® Similarly, there is limited
data on safety of combination of hydroxychloroquine and
azithromycin as both can cause torsade de pointes. Around
460 cardiac arrests have been attributed to chloroquine,
hydroxychloroquine, lopinavir/ritonavir, and azithromycin
individually. To reduce the risk of torsades and death, cardiac
rhythm and QT interval should be regularly monitored
during therapy and drugs withheld in patients with QT
prolongation (QTc =500 msec) or with congenital long
QT syndrome. Hypokalemia and hypomagnesemia should
be corrected and concomitant use of QTc prolonging agent

should be avoided."”%

Miscellaneous

Electrolyte disturbances

Mild hyponatremia and hypokalemia have been reported,”"
due to the interaction of SARS-CoV-2 with the

renin-angiotensin-aldosterone system.”'-7?
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Cutaneous manifestations
Erythematous rash, widespread urticarial, and chicken-pox

such as vesicles mainly involving trunk may be seen.”!

Late complications
With only few months into the disease, long-term complications
among those who survived clinically significant COVID-19

disease are not available yet./74

Conclusion

COVID-19 is a highly infectious disease with multitude
of effects involving almost all systems of body. It can be
life-threatening in elderly patients with multiple comorbidities.
In such a short span of time, much has been studied about
the disease and research is ongoing for development definite
vaccine and treatment of COVID-19. Good quality
randomized controlled trials are needed to find definitive
treatment. Presently, the focus should be curbing the source
of infection and cutting off transmission (hand hygiene, social
distancing, avoiding crowded places, patient isolation) and
limiting the progress of disease from available resources and
supportive care. It can present in various forms and healthcare
workers need to be extra vigilant, approaching all patients with
a high index of suspicion, taking all precautions.
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