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Abstract:

SARS-Coronavirus 2 (SARS-CoV-2) is the latest strain of coronavirus that causes the viral infection, Severe Acute Respiratory Syndrome (SARS).
The initial studies on the Coronavirus Disease 2019 (COVID-19) focused on respiratory outcomes of this viral infection. More recent research on
the mechanism of action of SARS-CoV-2 shows that the virus enters the cells through the Angiotensin-Converting Enzyme-2 (ACE-2) receptor.
This receptor is present not just in the cell membranes of respiratory cells but also in the cell membranes of cells present in other organs of the
body. This enables the virus to have severe outcomes in the body beyond the respiratory system. Providing a possible immunizing agent against
coronavirus  is  a  major  challenge  pertaining  to  the  fact  that  ongoing  pandemic  has  already  taken  millions  of  lives.  This  paper  discusses  the
extrapulmonary  effects  of  COVID-19,  with  an  emphasis  on  clinical  manifestations,  mechanism of  action,  and  special  focus  to  management
considerations in each of these cases. The essential therapeutics and treatments proposed for dealing with the COVID-19 infection have also been
discussed. While the answer to whether these therapies work, successfully controlling the immunoinflammatory response is still unclear, ongoing
trials of multiple drugs for this purpose are an excellent way to ultimately reach a product that works successfully.
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1. INTRODUCTION

Coronavirus allegedly started from a wet market in Wuhan,
located  in  Hubei  province  in  China,and  spread  to  more  than
188 countries and the viral infection, the SARS-CoV-2 (Severe
Acute  Respiratory  Syndrome  Corona  Virus-2)  has  caused  a
global  pandemic  termed  COVID-19  (Coronavirus  Disease
2019),  taking  more  than  1.02  million  lives  as  of  October  2,
2020,  while  the  number  of  active  cases  has  surpassed  34.3
million  [1  -  3].  This  global  catastrophe  started  with  the
proposed  zoonotic  transmission  of  coronavirus  in  the  large
seafood market in China [4]. This event led to the human-to-
human  transmission  of  the  virus,  infecting  more  people
associated with the said wet market in China, to the point that
by  January  20,  2020,  when  the  first  paper  documenting  this
novel coronavirus was published, the virus had reached more
than  800  patients  in  China  and  international  cases  were
increasing  rapidly  [5].

The  World  Health  Organization  declared  COVID-19  a
pandemic on March 11, 2020. In that moment, global cases of
the novel coronavirus had surpassed 500,000 [6]. SARS-CoV-2
is a member of the Coronaviridae family, a part of the β-coro-
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navirus genera, same as SARS-CoV (Severe Acute Respiratory
Syndrome  Coronavirus),  the  coronavirus  that  caused  the
2002-2003  SARS  pandemic  and  MERS-CoV  (Middle  East
Respiratory Syndrome Coronavirus)  that  was responsible  for
the  MERS  pandemic  in  2012  [7].  Common  symptoms  of
COVID-19 include cough, fever, sore throat, loss of taste and
smell,  leg  pain  [8],  while  more  severe  cases  report  severe
pneumonia  (15  percent)  and  ARDS  (Acute  Respiratory
Distress Syndrome) (5 %) [9]. As respiratory symptoms were
the most prevalent in patients infected with COVID-19, initial
research  on  the  topic  failed  to  identify  the  extrapulmonary
effects of the infection [10].The reason for this multiple body
organs damage by COVID-19 is that the ACE-2 (Angiotensin
Converting  Enzyme-2)  receptor  that  is  used  by  the  virus  to
enter the body is present in cell membranes of cells not only in
lungs, but also in arteries, heart, kidney, and intestines [11].

With more research showing that the viral infection could
affect  many  different  body  systems,  more  focus  was  put  on
studying the extrapulmonary manifestations of COVID-19,an
overview of which is shown in Fig. (1). Even though numerous
reports  studying  the  effects  of  COVID-19  on  different  body
systems have been published, the literature on the topic lacks
valuable  articles  that  provide  the  details  of  the  effects  of
COVID-19 on the different systems of the human body at once.
With  the  urgency surrounding  the  study of  the  virus  and  the
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struggle  to  find  a  viable  treatment,  more  articles  must  be
published that provide the details of the effects of COVID-19
on multiple organ systems of the body so that researchers can
easily access this otherwise wildly dispersed information. This
review  provides  an  assortment  of  the  extrapulmonary
manifestations  of  COVID-19.  This  assortment  has  been
presented after conducting the analysis of the current literature
on  extrapulmonary  manifestations  of  COVID-19,  collecting
information about the effect  of  COVID-19 on different  body
systems and presenting the information at one place, making it
easily accessible for scientific and educational use.

2. IMMUNE SYSTEM

The immune system is  the first  to  face and subsequently
deal with the negative effects of any infection or disease, and
COVID-19  is  no  exception;  the  disturbance  in  the  immune

system due to the infection has been found responsible for dire
consequences of the infection for the lungs. The SARS-CoV-2
can activate both innate and adaptive immune system, both of
which  can  cause  extra  trouble  when  they  are  responsible  for
hyperinflammation  and  impaired  immune  response,
respectively  [12].  It  is  true  that  a  weak  immune  system  can
decrease  the  chances  of  successfully  fighting  the  viral
infection,  but  an  enhanced  immune  response  can  lead  to
terrible  consequences  for  patients  too,  by  causing
hyperinflammation,  which  in  turn  is  responsible  for  causing
multiple organ damage and further complications [13].

2.1. Clinical Symptoms

The  first  and  foremost  result  of  the  hyper  activated
immune system is hyperinflammation, whereby an  increase  in

Fig. (1). The effects of COVID-19 go well beyond the respiratory tract. Multiple organs are affected by this viral infection. Details about the harmful
effects of COVID-19 on these systems have been summarized here.
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the  inflammatory  factors  like  IL-2,  IL-7,  monocyte
chemoattractant  protein  1,  tumor  necrosis  factor  alpha-1,
among others, results in a cytokine storm or hypercytokinaemia
[14,  15].  This  hypercytokinaemia  can  eventually  result  in
hyperferritinaemia,  cytopenia,  and,  more  importantly,  Acute
Respiratory  Distress  Syndrome  (ARDS)  and  acute  coronary
syndrome.In addition to being found to be credible predictors
of  morbidity  and mortality,  this  hyperinflammation has  been
considered highly harmful in terms of succeeding in controlling
the infection effectively [14]. Higher levels of ferritin, and IL-6
[16],  greater  neutrophil-lymphocyte  ratio,  lesser  number  of
basophils,  eosinophils,  a  larger  number  of  inflammatory
cytokines and biomarkers, also, suppressor T cells, B cells, and
NK cells were found in low amounts in more serious cases and
non-survivors of COVID-19 [17].

2.2. Pathophysiology

SARS-CoV-2 is one of the cytopathic viruses, and for such
viruses, it is often the case that the viral replication cycle itself
involves pyroptosis of the virus-infected cells [18] leading to
vascular  leakage  [19],  while  triggering  elevation  of  IL-1beta
[9], an important cytokine involved in the pyroptosis process,
ultimately  resulting  in  strong  local  inflammation  due  to
increased  levels  of  multiple  cytokines  and  chemokines  like
IL-6, IFNγ, MCP1 and IP-10 [9, 20, 21]. These high levels of
chemokines  and  cytokines  attract  monocytes  and  T-
lymphocytes from the blood [22, 23], while leaving neutrophils
behind, and this movement of immune cells is a viable reason
for the lymphopenia and increased neutrophil-lymphocyte ratio
seen  in  most  COVID-19  patients  [17,  24].  This  influx  of
immune  cells,  cytokines,  and  chemokines  results  in  a
dysfunctional  immune response whereby a  cytokine storm is
triggered,  leading  to  expansive  lung  inflammation,  and  the
subsequent difficulty in breathing associated with the infection
[25]. In this situation, in addition to the damage being rendered
to the lungs by the virus, the unbalanced infiltration of immune
cells  further  damages  the  lungs  by  triggering  increased
secretions of proteases and reactive oxygen species, resulting
in  alveolar  damage,  negatively  affecting  the  gas  exchange
process in the lung, resulting in low oxygen level and difficulty
in  breathing,  making  lungs  even  more  prone  to  secondary
infections.The disastrous effect of the infection does not stop
here as the increase in the cytokines like TNF results in septic
shocks  and  multi-organ  damage,  directly  resulting  in
myocardial  damage  and  circulatory  failure,  decreasing  the
chances of survival for older patients (aged over 60 years) [16].
However, given that more than fifty percent of child patients
and patients under 18 years experienced only mild symptoms,
this pattern may not be similar in other patients [26]. That is
why,  despite  the  feat  of  tracking  the  whole  pathway  of  how
COVID-19  results  in  the  pathophysiology  of  the  immune
system, there is still a lot left to investigate on how the severity
of the inflammatory response in patients is affected by different
host immune factors [25].

3. CARDIOVASCULAR IMPLICATIONS

The  modest  idea  of  viral  infections  contributing  to  the
damage  to  the  vital  organs  has  persisted  in  the  scientific
community  long  before  the  SARS-CoV-2.  SARS-CoV-2

affects the cardiovascular system in a way similar to the other
members of the ‘beta genus’ family of coronavirus [27]. The
clinical implications for COVID-19 patients include moderate
to  severe  damage  to  the  cardiovascular  system  owing  to  a
particular mechanism [28, 29].

3.1. Clinical Symptoms

The most commonly observed comorbidity of COVID-19
in  hospitals  is  cardiovascular  disease  (11.9%).  Elevated
chances  of  developing  a  myocardial  injury,  cardiac  arrest,
dysrhythmia, biventricular cardiomyopathy, sinus tachycardia,
and  bradycardia  thrombotic  complexities  along  with  other
cardiac dysfunction and complete heart failure in COVID-19
patients indicate that COVID-19 causes inevitable destruction
to cardiovascular health. The experimental study to analyze the
cause of death in the coronavirus infected individuals among
150 patients in Wuhan, China revealed that myocardial damage
and  heart  failure  were  the  eminent  causes  of  demise  among
53%  of  patients  with  confirmed  COVID-19  cases  among  68
non-surviving  patients  [16].  The  study  conducted  in  138
patients  hospitalized  in  Wuhan,  China,  showed  that  the
manifestation  of  cardiac  arrhythmias,  heart  blockage,
ventricular  arrhythmias  was  more  prominent  in  17% of  mild
cases and 44% severe cases in ICU [16, 30].  Prolonged QTc
(which refers to a slower heart rate indicating increased risk for
ventricular  arrhythmias)  was  recorded  in  6%  of  the  patients
from  the  cohort  of  4,250  patients  in  New  York  who  were
afflicted with the deadly virus. 7–33% of coronavirus infected
patients  with  acute  symptoms  have  been  reported  to  have
biventricular  cardiomyopathy  [16].  Research  conducted  on
46,248 confirmed COVID-19 patients disclosed that coronary
heart disease was present in 1% of surviving and 24% of non-
surviving individuals [8].

3.2. Pathophysiology

The  mechanism  which  is  involved  in  causing
cardiovascular problems in COVID-19 patients is not clear and
well  elaborated,  but  it  is  proposed  that  multiple  factors  are
responsible for it [31 - 39]. SARS-CoV-2 causes severe acute
respiratory  syndrome  as  it  directly  affects  the  lungs  and  a
complete  or  partial  failure  of  the  respiratory  system  can
produce  a  strain  for  the  entire  body.  Hypoxemia  results  in
cardiac  stress,  which  can  contribute  to  indirect  myocardial
injuries.Immune over-response can also cause cardiovascular
diseases, since autopsies of COVID-19 patients show traces of
inflammatory infiltrate, which is mainly macrophages [40] and
CD4+T  cells,  the  latter  are,  however,  less  common.  These
traces indicate cardiomyocyte necrosis, which could ultimately
lead to cardiac arrest [41]. SARS-CoV-2 uses ACE-2 receptors
which coat S protein to enter the host’s cell [42]. This receptor
is  expressed  in  all  types  of  cells,  but  their  expression  is
exceptionally more in cardiac cells, which can lead to ACE-2
dependent myocardial infection. Another possible mechanism
is  the  hypoxic  state  that,  in  combination  with  systemic
inflammation,  increases  the  production  of  pro-inflammatory
cytokines,  which,  along  with  the  elevated  Ca+2  levels  in
extracellular  space,  can result  in  myocyte  apoptosis  [13].  To
what  extent  does  the  heart  get  affected  by  a  direct  viral
infection  is  still  unknown.  However,  the  presence  and
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increment  of  cardiac  injury  biomarkers  highly  reflect  the
possibility  of  a  cardiovascular  disorder  being  a  direct  and
probable  cause  of  SARS-CoV-2  infection  in  COVID-19
infected  people.

4. NEUROLOGIC EFFECTS

The  nervous  system is  another  vital  organ  system of  the
body  that  is  affected  by  the  SARS-CoV-2,  with  more  than
36.4%  of  the  patient’s  cohort  to  have  shown  neurologic
symptoms  [43].  The  confirmation  for  the  neurologic
involvement of the infection came from Beijing Ditan Hospital,
which  reported  a  case  of  viral  encephalitis,  with  researchers
finding SARS-CoV-2 in the cerebrospinal fluid, indicating the
attack of the virus into the CNS [44].

4.1. Clinical Symptoms

The extent of neurologic manifestations of COVID-19 is
highly dependent on the mildness or severity of the infection
itself [24, 45, 46], with mild patients showing symptoms like
headache, dizziness, epilepsy, disturbed consciousness [20, 47,
48] and more severe patients showing acute arterial or venous
stroke [49, 50], confusion, and troubled consciousness [43, 51].
There  have  also  been  recorded  numerous  instances  of
COVID-19 patients suffering from anosmia and dysgeusia as
numerous  reports  dictate  loss  of  smell  and  taste  in  patients
infected with COVID-19 [52]. In addition to viral encephalitis,
infectious,  toxic  encephalopathy  has  also  been  reported  in
COVID-19 patients, mainly due to the hypoxia, viremia, and
edema, all of which result due to the infection itself,  thereby
increasing  the  chances  for  the  disease  [53].  Acute
cerebrovascular disease is another neurologic manifestation of
the  COVID-19,  whereby  the  cytokines  storm  [14,  54],  the
reduced platelet levels, and high D-dimer levels caused by the
infection  are  directly  related  to  the  factors  causing  acute
cerebrovascular disease [55]. Some reports have also reported
the  Acute  inflammatory  demyelinating  polyneuropathy
(Guillain-Barré  syndrome)  in  COVID-19  patients  [56,  57].

4.2. Pathophysiology

Several mechanisms have been proposed for the entry of
the virus into the nervous system, based on the previous studies
conducted  on other  coronaviruses  like  SARS-CoV and some
studies  conducted  on  the  SARS-CoV-2.  These  mechanisms
include access to the CNS through the nasal  mucosa,  lamina
cribrosa  [36],  blood  circulation  pathway  [58,  59],  olfactory
bulb [59, 60], immune injury due to the systemic inflammatory
response  (SIR)  caused  by  the  infection  and  cytokine  storm
[54],  and  attachment  of  the  SARS-CoV-2  to  the  ACE-2
receptor  of  the  capillary  endothelium,  damaging  the  blood-
brain barrier  and entering the CNS by attacking the vascular
system [61 - 67].

5. GASTROINTESTINAL IMPLICATIONS

Fever,  dry  cough,  and  tiredness  have  been  the  most
associated and most common symptoms of COVID-19. With
the  prevalence  of  the  disease  and  increased  systematic
investigations,  it  became  evident  that  gastrointestinal
symptoms,  including  diarrhea,  nausea,  vomiting,  and

abdominal  pain,  were  also  present.  This  specified  the
involvement of gastrointestinal disorders and revealed that the
digestive system could also be affected by SARS-CoV-2 [68 -
74].

5.1. Clinical Symptoms

3% of the patients infected with the COVID-19 in Wuhan,
admitted to ICU, developed diarrhea [9]. The onset of gastric
dysfunction  was  more  notable  in  patients  with  intense  and
more  severe  symptoms  of  coronavirus  than  those  who  were
asymptomatic or showed relatively mild symptoms. The data
recruited for approximately 40 days from the three hospitals of
Hubei  in  China  revealed  that  47%  of  COVID-19  patients
developed  digestive  system  disorders  along  with  respiratory
system  problems,  and  3%  developed  only  digestive
dysfunction. Loose bowel movements were recorded in 17%of
confirmed  coronavirus  patients  [75].  Rare  cases  reported
mesenteric  ischemia  along  with  gastrointestinal  bleeding.
Severe  clinical  outcomes  are  persistent  in  patients  with
coronavirus and gastrointestinal disorders. It is also ubiquitous
that  patients  with  gastrointestinal  disorders  developed  acute
respiratory syndrome; however, the exact mechanism for this
phenomenon  is  a  missing  link  [36].  As  the  severity  of  other
symptoms  increases,  the  gastrointestinal  manifestations  also
become pronounced in COVID-19 patients.

5.2. Pathophysiology

How  the  virus  SARS-CoV-2  enters  the  gastrointestinal
tract is still under research. Endoscopy reports of six patients
showed  the  presence  of  SARS-CoV-2  strain  throughout  the
digestive tract,  more prominently in the esophagus, stomach,
duodenum,  and  rectum.  ACE-2  receptors  are  present  in  the
epithelial  cells  lining  the  upper  digestive  tract.  Not  only  the
ACE-2 receptors, but also the cleavage of S protein, carried out
by cellular transmembrane protease serine 2 (TMPRSS2), is a
crucial  factor  for  viral  attachment  and  infusion  into  the  host
cell. This serine protease is found abundantly in the colon and
ileum, suggesting the invasion of the virus into the enterocytes
[76,  77].  Another  mechanism  observed  for  gastrointestinal
involvement is the reduction in the uptake of tryptophan, which
leads  to  decreased peptide  levels  in  gut  microbes,  ultimately
causing  inflammation.  Cytokine  storm  or  systemic
inflammation  also  affect  the  gastrointestinal  pathway  as  a
comorbidity  of  multiple  organ  responses  [78].

6. ENDOCRINOLOGICAL MANIFESTATION

The  coexistence  of  endocrinological  disorders  with
COVID-19 is typical in COVID-19 patients. It is not elucidated
in  the  literature  that  COVID-19  causes  endocrinopathies;
however,  the  pervasiveness  of  more  severe  symptoms
associated with coronavirus is reported. Some of the patients
are directly or indirectly susceptible to endocrinopathies.

6.1. Clinical Symptoms

In  the  United  States  of  America,  49.7%  of  COVID-19
patients  were  hypertensive;  obesity  was  recorded  in  48.3%,
diabetes  mellitus  was  prevalent  in  28.3%  patients,  and
cardiovascular disease was common in 27.8% [79 - 81]. Center
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for  Disease  Control  and  Prevention  in  the  United  States
reported  that  diabetes,  hypertension,  and  cardiovascular
diseases were common in 78% of COVID-19 patients in ICU.
Multiple  endocrine  glands  and  organs  could  be  the  possible
target of SARS-CoV-2, including the pancreas, adrenal glands,
bones, testicles, pituitary glands, and thyroid glands. The worst
outcomes of the COVID-19 are increasingly evident in people
with  obesity.  Adrenal  dysfunction  can  cause  Cushing
syndrome. Testicular diseases cause greater mortality in men
[82]. Volume depletion in COVID-19 patients suffering from
diabetes  insipidus  can  even  lead  to  hospitalization  as  higher
mortality is reported [83].

6.2. Pathophysiology

The effect of coronavirus on the endocrine system is still
under  debate.  Mechanism  with  which  this  virus  affects  the
endocrine glands and organ include elevated hypoglycemia and
ketosis.  The cytokine storm, along with multiple factors,  can
bind  the  virus  with  ACE-2  receptors  on  the  β  cells.  The
pancreas  become  affected,  resulting  in  abnormal  levels  of
insulin [36]. Metabolic pathways associated with the endocrine
system can be targeted directly by the virus. However, multiple
organ involvement can produce disastrous effects on metabolic
pathways.  Altered  mechanisms  can  induce  hormonal
imbalances.

7. RENAL EFFECTS

The primary target of SARS-CoV-2 is the alveoli present
in  the  lungs,  however  some  of  the  evidence  suggests  that
coronavirus can also attack and impair the renal functions. In
extremely adverse cases, where symptoms of coronavirus are
severe, several kidney-associated diseases are reported. It was
found that  coronavirus can enter the bloodstream and invade
other organs, including kidneys. Samples of plasma collected
from COVID-19 patients  indicate the presence of  viral  RNA
traces, indicating amultiple organ reach of SARS-CoV-2 and
kidney is one of them.

7.1. Clinical Symptoms

Clinical diagnostics present an abnormally higher rate of
occurrence  of  kidney  disorders.  Acute  kidney  injury  is
persistent in patients with chronic respiratory system failures.
The  health  data  of  5449  COVID-19  patients  hospitalized  in
New York City exhibited that 1,993 cases (36.6%) developed
AKI  [84  -  87].  The  exceptional  irregularities  in  albumin,
proteins,  creatine,  and  blood  urea  nitrogen  levels  were
observed, indicating kidney damages in confirmed COVID-19
patients. Data for urine analysis and kidney problems retrieved
from clinics, laboratories, and hospitals showed 44%and 26.9%
of  people  with  COVID-19  had  proteinuria  hematuria  and
hematuria,  respectively;  blood  urea  nitrogen  anomaly  was
recorded for 14.1% patients. Similarly, 15.5% of patients were
observed  to  have  elevated  creatine  levels  [88].  Renal
complexities were present among 75.4% of patients in Chinese
patients with COVID-19 [89]. Coronavirus is also found to be
involved  in  chronic  kidney  diseases,  electrolyte  imbalances,
and metabolic acidosis,  which can further contribute to renal
failure.

7.2. Pathophysiology

More  recently  in  Guangzhou,  Zhong’s  lab  has  been
reported  to  be  successful  in  isolating  coronavirus  from  the
samples of urine collected from the corona positive cases. This
places kidney as a potent organ affected by SARS-CoV-2 [90].
However, there is no elaborated mechanism that dictates direct
viral  invasion  into  kidneys  that  could  lead  to  renal
complications.  Indirect  pathways,  including  the  excessive
production of cytokines, multiple organ damages in response to
viral  attacks,  and  systemic  effects,  could  be  interrelated,
resulting  in  kidney  damages.  Extracorporeal  membrane
oxygenation increases the production of cytokines, which may
characterize glomerulonephritis, acute kidney injury, and end-
stage  kidney disease  in  COVID-19 disease.  Renal  medullary
hypoxia,  renal  compartment  syndrome,  and  tubular  toxicity
could be an outcome of multiple organ damage as high peak
airway pressure, intra-abdominal hypertension, rhabdomyolysis
induced by cytokines in response to SARS-CoV-2 can produce
overall stress for the body [91 - 93]. Kidneys have a 100 times
more  ACE-2  receptors  than  the  lungs,increasing  chances  of
viral  entry  into  the  renal  tissues  via  an  ACE-2  dependent
mechanism  [88].

8. HEPATOBILIARY MANIFESTATION

Severe COVID-19 is also reported to cause hepatobiliary
manifestation,  but  only  mild  liver  abnormalities  are  present.
Abnormal production of alanine aminotransferase and aspartate
aminotransferase  has  also  been  recorded.  The  incidence  of
chronic liver injury or liver damage has been rarely reported.
The  presence  of  an  underlying  or  pre-existing  hepatobiliary
dysfunction has been linked to increase in the fatality of SARS-
CoV-2 patients.

8.1. Clinical Symptoms

Case  studies  of  COVID-19  patients  logged  in  Fifth
Medical Center of PLS General Hospital in Beijing province of
China showed liver co-morbidities in 2-11%. In comparison,
14-53%  of  the  patients  had  an  abnormal  level  of
aminotransferases.  62%  of  the  patients  in  ICU  in  Wuhan,
China  manifested  abnormal  levels  of  AST  [94].  During  the
process  of  hospitalization  in  Shenzhen,  China,  76.3%  of
confirmed COVID-19 patients had abnormal liver test results,
and 21.5% presented liver injury. 90% of patients with reported
liver damage had mild COVID-19 symptoms. Out of these, an
abnormal increase in values of ALT and GGT was recorded for
24%  of  patients  [95].  The  hepatocellular  pattern  was  shared
among  all  the  patients  with  liver  damage.  The  liver  damage
was commonly reported; however, the consequences were not
fatal.

8.2. Pathophysiology

A  well-defined  mechanism  by  which  SARS-CoV-2  is
involved in liver injuries is not available. The impaired hepatic
function  may  be  due  to  the  circulation  of  the  coronavirus
through  the  reticular  system.  Macrophages  are  abundantly
present in the hepatobiliary system, which are involved in the
production  of  the  cytokines  that  result  in  systemic
inflammation [96].  The virus can bind directly to the ACE-2
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receptors  present  on  the  epithelium since  these  receptors  are
intensely present in the liver and it can be subjected to direct
damage  [97].  Some  of  the  biological  drugs  like  baricitinib,
which  are  believed  to  produce  promising  results  when  used
against SARS-CoV-2 for their antiviral properties,  can cause
the  reactivation  of  any  previously  present  hepatobiliary
disorder. Severe oxygen deficiency and respiratory failure can
lead to anoxia, which can cause hypoxic hepatitis [98, 99].

9. HEMATOLOGY EFFECTS

The  hematopoietic  system  and  hemostasis  are  essential
systems  of  the  body  concerned  with  the  regulation  of  blood
flow  in  the  body  [8,  24].  Hematology  studies  report  that
COVID-19  has  considerable  effects  on  the  hematopoietic
system and hemostasis in the body [20, 100]. Lymphopenia has
been reported in multiple cases, with some studies suggesting
67  to  90  percent  of  patients  exhibiting  some  extent  of
lymphopenia  [9,  66,  101  -  103].

9.1. Clinical Symptoms

In addition to a decrease in CD4+ T cells [11, 70], CD8+ T
cells  [20],  and  leukocytes  [18,  104],  a  marked  decrease  in
thrombocytes  has  also  been  reported,  which,  although  mild
(present  in  5  to  36  percent  of  patients),  is  associated  with
severe patient outcomes [9, 9, 24, 103, 105]. Another important
effect of COVID-19 in this context is coagulopathy, which is
directly related with increased levels of fibrinogen, one of the
procoagulant  factors,  and  D-dimers,  the  latter  of  which  is
associated with more severe outcomes and worse mortality rate
in  hospitalized  patients,  46  percent  of  whom  reported  high
levels of D-dimer upon admission [8, 20, 24, 47, 106 - 108].
Levels of D-dimers higher than 1000ng/mL have been reported
to be an important risk factor in hospital deaths [8] with non-
survivors  having  more  than  500ng/mL  levels  of  D-dimers
coupled with prolonged Prothrombin Time (PT) [108]. Finally,
thrombotic complications were also associated with about 30
percent of CoVID-19 patients, as reported in China [109] and
Netherlands [110]. In comparison, studies conducted in France
and Italy reported 17 to 22 percent of critically ill patients with
COVID-19 to have shown elevated levels of thromboembolic
events,  despite  receiving  prophylactic  anticoagulation  [111  -
114].

9.2. Pathophysiology

Multiple  mechanisms  have  been  proposed  to  understand
the  pathophysiology  associated  with  the  hematology
manifestations involved in COVID-19 infection. The cytotoxic
activity of SARS-COV-2 due to the ACE-2 dependent entry of
the virus in lymphocytes [115 - 117], depletion in lymphocytes
mediated  by  apoptosis  [118  -  120],  and  inhibition  of
lymphocyte proliferation due to lactic acid [121] are suggested
mechanisms for the lymphopenia associated with COVID-19.
On  the  other  hand,  leukocytosis,  especially  neutrophilia  and
high  levels  of  D-dimers,  have  been  related  with
hyperinflammatory response to COVID-19 [110, 111]. As for
the  thrombotic  complication,  the  uncontrolled  inflammation,
hypoxia,  and  viral-mediated  effects  are  related  to  higher
instances of thrombotic complications in COVID-19 patients
[36]. Endothelialitis, which is associated with irregularly high

expression  of  ACE2  in  endothelial  cells,  also  promotes
thromboinflammation,  resulting  in  more  severe  outcomes
[115].

10. DERMATOLOGIC EFFECTS

While  the  dermatologic  effects  of  COVID-19  have  only
been occasionally reported, still there have been reports about
cutaneous  findings  in  COVID-19  patients.  Some  patients
experienced  dermatologic  effects  before  the  onset  of  the
disease, while others saw dermatologic manifestations before
respiratory symptoms appeared or during the infection [36].

10.1. Clinical Symptoms

The most  common dermatologic  effects  reported include
erythematous  rash,  urticaria,  chickenpox-like  vesicles,  acro-
cutaneous  lesions,  maculopapular  rash,  and  vesicular  lesions
[122, 123]. Also, studies reported chilblain-like lesions present
in  less  severe  cases  of  COVID-19  while  patients  with  more
severe infections reported livedoid or necrotic lesions [76].

10.2. Pathophysiology

While the exact mechanism of these dermatologic effects
in  COVID-19  patients  is  still  unclear,  possible  mechanisms
include  SARS-CoV-2  RNA,  cytokine-release  syndrome,
deposition  of  microthrombi,  and  vasculitis  starting  a
hypersensitive  immune response in  these patients,  leading to
cutaneous and dermatologic effects [41].

11. OCULAR INFECTIONS

More  than  a  decade  ago,  the  world  saw  a  Severe  Acute
Respiratory Syndrome (SARS) outbreak.The tear samples of a
patient  from  Singapore  were  found  to  contain  the  SARS
coronavirus, indicating ocular manifestation of the disease in
patients [124]. In 2020, the same situation was reported with Li
Wenliang,  the  person  who  first  reported  the  coronavirus
outbreak and was himself an ophthalmologist and contacted the
virus from an asymptomatic glaucoma patient [125].

11.1. Clinical Symptoms

The ocular effects of Covid19 are apparent as, according to
one case series, 31.6 % of COVID-19 patients hospitalized in
Hubei  province,  China  reported  ocular  symptoms.  Of  these
31.6  %  of  patients  with  ocular  symptoms,  the  Reverse-
Transcriptase Polymerase Chain Reaction (RT-PCR) result of a
conjunctival swab of 16.7 % of patients indicated the presence
of SARS-CoV-2 [126]. Common ocular symptoms prevalent in
COVID-19 patients include conjunctival hyperemia, chemosis,
epiphora, or increased secretions [126].

11.2. Pathophysiology

The scarcity of published research on ocular manifestations
of  COVID-19  has  disabled  researchers  to  find  the  real
mechanism  of  ocular  manifestation  of  COVID-19.  Possible
mechanisms of action include i)  ocular tissues being directly
inoculated by respiratory droplets of aerosolized viral particles,
ii)  nasopharynx  migration  via  the  nasolacrimal  duct  or  iii)
lacrimal gland involvement in the hematogenous spread [127].
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12.  MANAGEMENT  CONSIDERATIONS  FOR
MULTIPLE ORGAN DAMAGE

The immunomodulated damage in COVID-19 is a leading
cause of the increasing severity of infections for many patients.
Several  different  immunosuppressive  therapies  have  been
initiated for controlling this damage. Trials of corticosteroids
[27],  IL-6  antagonists,  tocilizumab  [28],  sarilumab,
Granulocyte-Macrophage  Colony-Stimulating  Factor  (GM-
CSF)  targeting  drugs  gimsilumab  [29],  lenzilumab  [30],  and
namilumab  [31]  have  been  initiated.  Novel  therapies  like
cytosorb, which involves absorbing large amounts of cytokines
[32];  or  Thalidomide,  an  immunomodulatory  agent,  is  also
being employed [33]. Since the fatality rate in patients with an
underlying  cardiovascular  problem  is  significantly  more  and
the  death  rate  becomes  even  more  critical  if  the  myocardial
dysfunction occurs after SARS-CoV-2 infestation, it becomes
indispensable  to  treat  such  patients  with  utmost  medical
attention.  Even  though  there  should  be  made  specific
considerations  for  the  management  of  such  patients,  using
Angiotensin-Converting  Enzyme  inhibitors  (ACEi)  and
Angiotensin  Receptor  Blockers  (ARB)  is  still  questionable.

There is no proof that the use of these therapeutics should
be stopped after the viral infection happens. The interaction of
cardiac drugs with the drugs administered for COVID-19 can
have a potentially adverse effect [72]. Management of dosage
should be observed along with encouraging proper diagnostics
and prohibiting the random testing of biomarkers for cardiac
injury. The recently used drugs for COVID-19; azathioprine,
when used in combination with antiparasitic drugs, can result
in prolonged QT interval, so precautions must be employed to
avoid  problem  [73].  While  the  existing  literature  lacks  a
detailed course of action for the minimization of the neurologic
manifestations of COVID-19, several different guidelines can
be adhered to for effective results. These include adhering to
the guidelines regarding the ischemic stroke and ensuring the
availability of thrombolysis and thrombectomy [62], evaluation
of  patients  with  remote  video  monitoring  [36],  and  using
immunomodulatory  therapies  [63].

Corticosteroids  are  recently  being  used  as  effective
antiviral  drugs  that  are  easy  to  administer  and  economically
viable.  Precisely  monitored  use  of  the  drug  should  be  made,
and  pre-testing  for  the  virus  must  be  ensured  to  prevent  the
fatal consequence. An elderly COVID-19 patient with severe
ulcerative colitis, treated with corticosteroids, expired [79]. The
transmission of the SARS-CoV-2 is mysterious. Since 50% of
the  fecal  material  and  stool  samples  of  COVID-19  patients
show  the  viral  presence  so  these  can  be  a  source  of
transmission [80]. Separate washrooms should be used to avoid
such transmission. Biopsies, endoscopy, and autopsies could be
performed to precisely elaborate that lesions from the intestine
are produced after the systemic inflammation, or they are the
consequence of direct primary infection of the gastrointestinal
tract.  Early  detection  and  diagnosis  lead  to  early  treatment.
Continuous  detection  of  pro-inflammatory  cytokines  and
limiting  their  production  by  monoclonal  antibodies  could  be
helpful for safe treatment [78].

The  use  of  glucocorticosteroids  is  linked  with
immunosuppression activity, so their use must be regulated as a

compromised immune system can result in more susceptibility
to the virus and death if the viral infection has already occurred
[84]. Adrenal insufficiency and crisis should be managed, and
preliminary  medical  help  should  be  provided  without  delay
[85].  Endocrinologists  must  effectively  cooperate  with  other
medical  specialists  to  perform  unavoidable  thyroid  nodules
surgeries  for  critical  COVID-19  patients  [23].  Routine  care,
precise  attention  to  desmopressin  dose,  and  fluids  can  be
helpful  to  prevent  hypernatraemic  dehydration  in  diabetes
insipidus [83]. Since no proper medication is available, special
consideration should be made if  kidney failure,  acute kidney
injury, and other renal disorders develop, as it could result in
an  increased  mortality  rate  among  COVID-19  patients.  A
controversy regarding delaying Renal Replacement Therapies
(RRT) is that it could be replaced with the use of loop diuretics
to prevent volume overload.  If  RRT is unavoidable,  then the
patient’s age, the severity of symptoms of COVID-19 should
be  observed  and  monitored  to  ensure  timely  and  safe
replacement  of  organs.

Hospital staff, Radiologists, and nephrologists should work
in collaboration to securely reduce the hemodialysis session for
kidney  failure  [91].  Developing  COVID-19  from  organ
donation  is  very  rarely  reported.  Still,  the  kidney  has  the
highest  vulnerability  for  SARS-CoV-2.  Special  clinical
screening and management should be practiced to ensure risk-
free renal donation [93]. Due to the scarcity of data concerning
the  impact  of  drugs  affecting  the  hepatobiliary  system,  it  is
mandatory to observe the biochemical monitoring of the liver
[98].  Special  attention  should  be  given  to  the  elderly
COVID-19  patients  who  have  a  long-term  history  of  liver
injury since it can contribute to the severity of the disease.

No direct evidence is available that proved the dysfunction
of the liver as lethal and deadly in SARS-CoV-2 infection [97].
The effect of drugs on liver damage and hepatotoxicity should
be considered in drug designing procedure. Less chronic liver
disease diagnosis during the pandemic disables the revelation
of  the  association  between  liver  injury  and  COVID-19  [99].
While  there  are  no  fully  approved  strategies  to  alleviate  the
hematology  effects  of  COVID-19,  there  are  indeed  some
proposed  actions  that  have  been  shown  to  have  a  positive
impact. These include continuous evaluations of blood count,
D-dimers, lymphocytes, and fibrinogen in hospitalized patients
[35],  risk  assessments  for  thromboembolism  at  repeated
intervals,  therapeutic  anticoagulation [36],  and mesenchymal
cells  to  be  used  for  their  immunomodulatory,  anti-
inflammatory, and anti-fibrotic properties [122], in addition to
their ability to mediate inflammation around endothelial cells,
hence  not  only  reducing  inflammation  but  also  checking
endothelial  dysfunction  [42].

Even though the dermatologic effects are not as prevalent,
it is important to consider patients’ dermatologic effects before
administering  any  COVID-19  drug  like  Remdesivir,
tocilizumab, or starting any possible treatments for COVID-19
[38]. Such patients should also be inspected on a case-to-case
basis to decide the continuation of any biologic therapy for the
infection.Lack of research in this field has made it challenging
to  manage  the  ocular  manifestations  of  COVID-19.  While
health care providers are guided to make use of strict care to
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keep  their  eyes  covered  and  use  protective  gear,
ophthalmologists have been directed to limit their practice to
emergencies and urgent cases as the possibility or mechanisms
of transmission of the disease through ocular mechanisms are
still unclear [125].

13.  COVID-19  THERAPEUTICS,  CYTOKINE
MANAGEMENT AND DRUG REPURPOSING

It  has  been  established  that  the  SARS-CoV-2  enters  the
cells  through  the  ACE-2  receptor  [128].  It  has  also  been
reported that the ACE-2 receptor is expressed more in the lungs
[129], showing expression in multiple types of epithelial cells
in the airway, for example, the alveolar epithelial type II cells
in the lung parenchyma [130, 131]. This over-expression of the
ACE-2  receptor  is  directly  related  to  the  severity  of  the
COVID-19 infection [132]. One of the reasons that the over-
expression  of  ACE-2  in  increasing  the  severity  of  the  viral
infection is  the ability  of  the ACE-2 receptor  to  increase the
pro-inflammatory  cytokines  (PICs)  in  the  lungs  of  infected
patients,  which has  been associated with  severe  outcomes of
the  viral  infection  in  the  lungs  of  the  patients  [133,  134].
Continuous increase in the concentration of PICs in lungs gives
rise  to  a  sort  of  cytokine  stormor  Cytokine  Storm Syndrome
(CSS) that includes severe pneumonia in patients, drastically
increasing  the  severity  of  the  infection,  also  associated  with
increased mortality [14].

The  CSS  is  defined  as  a  cytokine-mediated  hyper-
inflammatory response in which the immune system of the host
is uncontrollably activated and amplified, resulting in excessive
release  of  cytokines  such  as  Tumor  Necrosis  Factor  (TNF),
TNF- α, interleukin (IL)-1 β, IL-2, IL6, IL7 IL-18, IL-9, IL-10,
interferons  (IFNs),  IFN-c,  granulocyte  Colony-Stimulating
Factor  (G-CSF),  granulocyte-macrophage  colony-stimulating
factor, fibroblast growth factor, and macrophage inflammatory
protein  1  [9,  135 -  137].  This  excessive  release  of  cytokines
results  in  respiratory  failure  by  increasing  vascular
permeability,  leading  to  the  entrance  of  a  large  amount  of
blood cells and fluid in the alveoli, critically damaging the host
cells [138]. These cytokine reactions further result in the direct
or  indirect  activation  of  the  coagulation  pathway
[139].Anaphylatoxins such as  C3a and C5a are generated by
the  complement  cascade,whose  binding  to  the  complement
receptors results in further release of histamine, leukotrienes,
and prostaglandins [140]. It is the C5a that induces mast cells,
neutrophils,  and  monocytes  to  release  proinflammatory
cytokines  such  as  IL-12,  TNF-α,  and  macrophage
inflammatory proteins-1α while also stimulating T and B cells
to  release  cytokines  such  as  TNF-α,  IL-1β,  IL-6,  and  IL-8.,
resulting in the CSS [139].

With  studies  reporting  the  role  of  the  CSS  in  causing
hyper-inflammation  that  often  results  in  the  severity  of  the
infection  and  increased  mortality  rate  [141],  more  focus  is
being put in finding drugs that target these cytokines, reducing
the hyperinflammation associated with increased severity and
mortality of the viral infection. In this regard, many different
antiviral, anti-rheumatic, anti-inflammatory, antineoplastic, and
antiparasitic  drugs  are  being repurposed and investigated for
their positive, immune-modulating effects in severe COVID-19

cases.The antiviral  drugs that have been used for COVID-19
patients  include  atazanavir  [142],  favipiravir  [143],  IFN-α2b
(interferon) [144], lopinavir-ritonavir [145], remdesivir [146],
ribavirin  [147],  and  umifenovir  [148].  A  study  reported
significant improvement of clinical symptoms of more than 68
percent of patients subjected to a 10-day course of Remdesivir
[146]. Remdesivir was approved by the FDA on May 1, 2020,
under  an  Emergency  Use  Authorization  (EUA)  for  patients
with severe COVID-19 symptoms.Anti-rheumatic drugs have
also  been  used  in  this  regard,  with  the  primary  mechanism
behind  their  use  being  inflammatory  cascade  inhibition  and
TNF-α  [149],  IL-6  receptors,  or  IL-1Ra  blocking  [150].  The
drugs  that  have  been  used  include  recombinant  IL-1Ra
antagonist  Anakinra  [151]  and  antiarthritic  agents,  including
Baricitinib  [152],  Etanercept  [153],  and  Infliximab  [154].
Another important drug is Tocilizumab [155],  an IL-6 signal
pathway  inhibiting  monoclonal  antibody  (mAb).  Numerous
reports  have suggested that  the IL-6 cytokine plays the most
important role in the pathogenesis of COVID-19, significantly
affecting the severity of the viral infection in the lungs [156].

Table 1. The potential therapeutics that could be used for
managing  and  combatting  SARS-CoV-2.  With  the
investigation  of  the  reach  of  the  deadly  virus  beyond  the
respiratory tract and its fatal effects on other parts of the
body, more focus is being put on finding more and better
therapeutics  that  could  help  in  managing  the  viral
infection.

Approach Mechanism
Stem cell-based

therapeutics
These mesenchymal cells are delivered

intravenously where they protect the alveolar
epithelial cells present in the lungs and recruit
the cells that help prevent pulmonary infection

and manage the lung dysfunction [74].
Use of Opioids and

cannabinoids
These drugs are immune-modulatory, and

hence they can enhance the immune function of
the body by increasing the immune cell influx,

increased production of cytokines and
chemokines, and affect viral replication and

viral pathogenesis [71].
Prophylactic and

immune-mediated
approaches

The understanding of the viral mechanism of
action is unavoidable to use such approaches.

Two theories are prevalent in this regard; one is
the use of immune suppressors to overcome the
hyper inflammation caused by viral load, and
the other one accounts for the use of immune
potentiators to activate the adaptive immune

responses in the host [68].
Antiviral agents These antiviral drugs and vaccines can

stimulate immune responses. These drugs can
bind to the receptor and block viral entry. The

drugs can be protease inhibitors or prevent viral
replication by inhibiting viral RNA

polymerases [65].

Some anti-inflammatory drugs have also been repurposed
and are being used to treat COVID-19, including non-steroidal,
anti-inflammatory  Indomethacin  [157],  immunomodulatory,
and  anti-angiogenic  agent  Thalidomide  [158],  and  steroidal
anti-inflammatory  drugs  like  corticosteroids,  one  of  which,
dexamethasone,  has  now  been  licensed  [159].  Some
antineoplastic  drugs,  previously  being  used  in  leukemia,  are
also  being  tested  and  repurposed,  making  them  exciting
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choices  for  COVID-19  treatment  [128].  These  drugs  include
Ruxolitinib,  a  Janus  Kinase  (JAK)  inhibitor  [160]  and
Ibrutinib, a Bruton’s tyrosine kinase (BTK) inhibitor [34], both
of  which  have  been  shown  to  be  promising  in  treating
COVID-19 patients. Several ongoing trials are searching for a
viable solution to the hyper-inflammation that results due to the
COVID-19 infection and causes extensive, multi-organ damage
and drug repurposing is a significant part of this research [128].
Hopefully,  with  more  research  and  investigation,  scientists
would be able to find more drugs that  are better  able to deal
with  adverse  effects  of  COVID-19  on  the  body.  Table  1
summarizes  the  most  common  therapeutics  being  used  and
tested  for  COVID-19  for  a  better  understanding  of  the  wide
range of treatments being tested to treat this viral infection.

CONCLUSION

While  extrapulmonary  effects  of  COVID-19  are  being
appreciated  and  more  research  is  being  undertaken  on  the
effects  of  the  viral  infection  on  different  body  organs  and
organs  systems,  there  is  still  a  need  to  undertake  intensive
research into the exact mechanisms that the viral particles use
for entering the extra-respiratory tissues in the body, the viral
features  that  make  this  process  easier,  and  long  term
implications  of  these  extrapulmonary  manifestations  of
COVID-19.  This  is  important  as  older  adults  are  the  most
affected by the viral infection and studying and understanding
the  multi-organ  response  to  COVID-19  is  critical  to  ensure
adequate medical care to COVID-19 patients who survive the
infection. In the case of such multi-organ infections, ensuring
the survival of patients goes beyond fighting the infection and
is more concerned with dealing with the long-term implications
of that infection on the body. One way this can be done more
effectively is to put more focus on regional and international
collaborations  to  work  collectively  to  understand  this  poorly
understood disease, putting an end to this dreadful pandemic.

CONSENT FOR PUBLICATION

Not applicable.

FUNDING

None.

CONFLICT OF INTEREST

1.  None  of  the  authors  of  this  paper  have  a  financial  or
personal  relationship  with  other  people  or  organizations  that
could inappropriately influence or bias the content of the paper.

2. It is to specifically state that “No competing interests are
at stake and there is No Conflict of Interest” with other people
or organizations that could inappropriately influence or bias the
content of the paper.

ACKNOWLEDGEMENTS

Declared none.

REFERENCES

Li Q, Guan X, Wu P, et al.  Early transmission dynamics in wuhan,[1]
china, of novel coronavirus-infected pneumonia. N Engl J Med 2020;
382(13): 1199-207.

[http://dx.doi.org/10.1056/NEJMoa2001316] [PMID: 31995857]
Lai  CC,  Shih  TP,  Ko  WC,  Tang  HJ,  Hsueh  PR.  Severe  acute[2]
respiratory syndrome coronavirus 2 (SARS-CoV-2) and coronavirus
disease-2019  (COVID-19):  The  epidemic  and  the  challenges.  Int  J
Antimicrob Agents 2020; 55(3)105924
[http://dx.doi.org/10.1016/j.ijantimicag.2020.105924]  [PMID:
32081636]
WHO.  2020.  Available  from:[3]
https://www.who.int/docs/default-source/coronaviruse/situation-report
s/20200928-weekly-epi-update.pdf?sfvrsn=9e354665_6
Zhu N, Zhang D, Wang W, et al. A Novel Coronavirus from Patients[4]
with Pneumonia in China, 2019. N Engl J Med 2020; 382(8): 727-33.
[http://dx.doi.org/10.1056/NEJMoa2001017] [PMID: 31978945]
Wang  C,  Horby  PW,  Hayden  FG,  Gao  GF.  A  novel  coronavirus[5]
outbreak of global health concern. Lancet 2020; 395(10223): 470-3.
[published correction appears in Lancet. 2020 January 29;].
[http://dx.doi.org/10.1016/S0140-6736(20)30185-9]  [PMID:
31986257]
WHO.  2020.  Available  from:[6]
https://www.who.int/docs/default-source/coronaviruse/situation-report
s/20200327-sitrep-67-COVID-19.pdf?sfvrsn=b65f68eb_4
Sun P, Lu X, Xu C, Sun W, Pan B. Understanding of COVID-19 based[7]
on current evidence. J Med Virol 2020; 92(6): 548-51.
[http://dx.doi.org/10.1002/jmv.25722] [PMID: 32096567]
Zhou  F,  Yu  T,  Du  R,  et  al.  Clinical  course  and  risk  factors  for[8]
mortality  of  adult  inpatients  with  COVID-19  in  Wuhan,  China:  a
retrospective cohort study. Lancet 2020; 395(10229): 1054-62.
[http://dx.doi.org/10.1016/S0140-6736(20)30566-3]  [PMID:
32171076]
Yang X, Yu Y, Xu J, et al. Clinical course and outcomes of critically[9]
ill patients with SARS-CoV-2 pneumonia in Wuhan, China: A single-
centered, retrospective, observational study. Lancet Respir Med 2020;
8(5): 475-81.
[http://dx.doi.org/10.1016/S2213-2600(20)30079-5]  [PMID:
32105632]
De Felice FG, Tovar-Moll F, Moll J, Munoz DP, Ferreira ST. Severe[10]
acute  respiratory  syndrome  coronavirus  2  (SARS-CoV-2)  and  the
central nervous system. Trends Neurosci 2020; 43(6): 355-7.
[http://dx.doi.org/10.1016/j.tins.2020.04.004] [PMID: 32359765]
Hamming I, Timens W, Bulthuis ML, Lely AT, Navis G, van Goor H.[11]
Tissue distribution of ACE2 protein, the functional receptor for SARS
coronavirus. A first step in understanding SARS pathogenesis. J Pathol
2004; 203(2): 631-7.
[http://dx.doi.org/10.1002/path.1570] [PMID: 15141377]
Cao X. COVID-19: immunopathology and its implications for therapy.[12]
Nat Rev Immunol 2020; 20(5): 269-70.
[http://dx.doi.org/10.1038/s41577-020-0308-3] [PMID: 32273594]
Zaim S,  Chong JH,  Sankaranarayanan V,  Harky A.  COVID-19 and[13]
multi-organ response. Curr Probl Cardiol 2020; 45(8)100618
[http://dx.doi.org/10.1016/j.cpcardiol.2020.100618]  [PMID:
32439197]
Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson[14]
JJ.  COVID-19:  Consider  cytokine  storm  syndromes  and
immunosuppression.  Lancet  2020;  395(10229):  1033-4.
[http://dx.doi.org/10.1016/S0140-6736(20)30628-0]  [PMID:
32192578]
Bonow  RO,  Fonarow  GC,  O’Gara  PT,  Yancy  CW.  Association  of[15]
coronavirus  disease  2019  (COVID-19)  with  myocardial  injury  and
mortality. JAMA Cardiol 2020; 5(7): 751-3. [published online ahead
of print, 2020 March 27].
[http://dx.doi.org/10.1001/jamacardio.2020.1105] [PMID: 32219362]
Ruan Q,  Yang K,  Wang W,  Jiang  L,  Song J.  Clinical  predictors  of[16]
mortality  due  to  COVID-19  based  on  an  analysis  of  data  of  150
patients from Wuhan, China. Intensive Care Med 2020; 46(5): 846-8.
[http://dx.doi.org/10.1007/s00134-020-05991-x] [PMID: 32125452]
Qin  C,  Zhou  L,  Hu  Z,  et  al.  Dysregulation  of  immune  response  in[17]
patients  with  coronavirus  2019  (COVID-19)  in  wuhan,  china.  Clin
Infect Dis 2020; 71(15): 762-8.
[http://dx.doi.org/10.1093/cid/ciaa248] [PMID: 32161940]
Zhang H, Zhou P, Wei Y, et al. Histopathologic changes and SARS-[18]
CoV-2 immunostaining in the lung of a patient with COVID-19. Ann
Intern Med 2020; 172(9): 629-32.
[http://dx.doi.org/10.7326/M20-0533] [PMID: 32163542]
Chen  IY,  Moriyama  M,  Chang  MF,  Ichinohe  T.  Severe  acute[19]
respiratory syndrome coronavirus viroporin 3a activates the NLRP3
inflammasome. Front Microbiol 2019; 10:50
[http://dx.doi.org/10.3389/fmicb.2019.00050]

http://dx.doi.org/10.1056/NEJMoa2001316
http://www.ncbi.nlm.nih.gov/pubmed/31995857
http://dx.doi.org/10.1016/j.ijantimicag.2020.105924
http://www.ncbi.nlm.nih.gov/pubmed/32081636
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200928-weekly-epi-update.pdf?sfvrsn=9e354665_6
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200928-weekly-epi-update.pdf?sfvrsn=9e354665_6
http://dx.doi.org/10.1056/NEJMoa2001017
http://www.ncbi.nlm.nih.gov/pubmed/31978945
http://dx.doi.org/10.1016/S0140-6736(20)30185-9
http://www.ncbi.nlm.nih.gov/pubmed/31986257
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200327-sitrep-67-COVID-19.pdf?sfvrsn=b65f68eb_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200327-sitrep-67-COVID-19.pdf?sfvrsn=b65f68eb_4
http://dx.doi.org/10.1002/jmv.25722
http://www.ncbi.nlm.nih.gov/pubmed/32096567
http://dx.doi.org/10.1016/S0140-6736(20)30566-3
http://www.ncbi.nlm.nih.gov/pubmed/32171076
http://dx.doi.org/10.1016/S2213-2600(20)30079-5
http://www.ncbi.nlm.nih.gov/pubmed/32105632
http://dx.doi.org/10.1016/j.tins.2020.04.004
http://www.ncbi.nlm.nih.gov/pubmed/32359765
http://dx.doi.org/10.1002/path.1570
http://www.ncbi.nlm.nih.gov/pubmed/15141377
http://dx.doi.org/10.1038/s41577-020-0308-3
http://www.ncbi.nlm.nih.gov/pubmed/32273594
http://dx.doi.org/10.1016/j.cpcardiol.2020.100618
http://www.ncbi.nlm.nih.gov/pubmed/32439197
http://dx.doi.org/10.1016/S0140-6736(20)30628-0
http://www.ncbi.nlm.nih.gov/pubmed/32192578
http://dx.doi.org/10.1001/jamacardio.2020.1105
http://www.ncbi.nlm.nih.gov/pubmed/32219362
http://dx.doi.org/10.1007/s00134-020-05991-x
http://www.ncbi.nlm.nih.gov/pubmed/32125452
http://dx.doi.org/10.1093/cid/ciaa248
http://www.ncbi.nlm.nih.gov/pubmed/32161940
http://dx.doi.org/10.7326/M20-0533
http://www.ncbi.nlm.nih.gov/pubmed/32163542
http://dx.doi.org/10.3389/fmicb.2019.00050


Extrapulmonary Manifestations of SARS-CoV-2 The Open COVID Journal, 2021, Volume 1   89

Wu  C,  Chen  X,  Cai  Y,  et  al.  Risk  factors  associated  with  acute[20]
respiratory distress syndrome and death in patients with coronavirus
disease 2019 pneumonia in wuhan,  china.  JAMA Intern Med 2020;
180(7): 934-43.
[http://dx.doi.org/10.1001/jamainternmed.2020.0994]  [PMID:
32167524]
Zhang B, Zhou X, Qiu Y, et al. Clinical characteristics of 82 cases of[21]
death from COVID-19. PLoS One 2020; 15(7): e0235458.
[http://dx.doi.org/10.1371/journal.pone.0235458]
Xu  Z,  Shi  L,  Wang  Y,  et  al.  Pathological  findings  of  COVID-19[22]
associated  with  acute  respiratory  distress  syndrome.  Lancet  Respir
Med 2020; 8(4): 420-2.
[http://dx.doi.org/10.1016/S2213-2600(20)30076-X]  [PMID:
32085846]
Tian S, Hu W, Niu L, Liu H, Xu H, Xiao SY. Pulmonary pathology of[23]
early-phase 2019 novel coronavirus (COVID-19) Pneumonia in two
patients with lung cancer. J Thorac Oncol 2020; 15(5): 700-4.
[http://dx.doi.org/10.1016/j.jtho.2020.02.010] [PMID: 32114094]
Guan WJ, Ni ZY, Hu Y, et al. Clinical characteristics of coronavirus[24]
disease 2019 in China. N Engl J Med 2020; 382(18): 1708-20.
[http://dx.doi.org/10.1056/NEJMoa2002032] [PMID: 32109013]
Tay  MZ,  Poh  CM,  Rénia  L,  MacAry  PA,  Ng  LFP.  The  trinity  of[25]
COVID-19:  Immunity,  inflammation  and  intervention.  Nat  Rev
Immunol  2020;  20(6):  363-74.
[http://dx.doi.org/10.1038/s41577-020-0311-8] [PMID: 32346093]
Dong  Y,  Mo  X,  Hu  Y,  et  al.  Epidemiology  of  COVID-19  among[26]
children in china. Pediatrics 2020; 145(6)e20200702
[http://dx.doi.org/10.1542/peds.2020-0702] [PMID: 32179660]
US  national  library  of  medicine.  ClinicalTrialsgov  2020.  Avaialbe[27]
from: https://clinicaltrials.gov/ct2/show/NCT04273321
Chinese  Clinical  Trial  Register.  Chictrorgcn  2020.  Avaialbe  from:[28]
http://www.chictr.org.cn/showproj.aspx?proj=49409
Liu A. China turns Roche arthritis drug Actemra against COVID-19 in[29]
new  treatment  guidelines.  FiercePharma  2020.  Avaialbe  from:
https://www.  fiercepharma.  com/pharma-asia/china-turns-roche-
arthritis-drug-actemra-against-COVID-19-new-treatment-guidelines
Roivant Sciences. Roivant announces development of anti- GM- CSF[30]
monoclonal antibody to prevent and treat Acute Respiratory Distress
Syndrome  (ARDS)  in  patients  with  COVID-19.  Roivant  Sciences
2020.  Avaialbe  from:  https://  roivant.com/roivant-  announces
development- of- antigm- csf- monoclonal- antibody- to-prevent- and-
treatacute-  respiratory-  distress-  syndrome-ards-  in-  patientswith-
COVID-19/
Humanigen. Humanigen partners with CTI, a leading contract research[31]
organization,  for  planned  phase  III  study  for  lenzilumab  for
coronavirus  treatment.  Humanigen  2020.  Available  from:
https://www.humanigen.com/press/Humanigen-
CytoSorbentsCorportation.  CytoSorb,  the  Wuhan  coronavirus,  and[32]
cytokine  storm.  Newswire  https://  www.prnewswire.com/news-
releases/cytosorb-  thewuhan-  coronavirus-  and-  cytokine-
storm-300994196.html2020.
Chen C, et al. Thalidomide combined with low- dose glucocorticoid in[33]
the  treatment  of  COVID-19  pneumonia.  Preprints
https://www.preprints.org/manuscript/202002.0395/v12020.
Treon SP, Castillo JJ, Skarbnik AP, et al. The BTK inhibitor ibrutinib[34]
may protect against pulmonary injury in COVID-19-infected patients.
Blood 2020; 135(21): 1912-5.
[http://dx.doi.org/10.1182/blood.2020006288] [PMID: 32302379]
Thachil  J,  Tang  N,  Gando  S,  et  al.  ISTH  interim  guidance  on[35]
recognition and management of coagulopathy in COVID-19. J Thromb
Haemost 2020; 18(5): 1023-6.
[http://dx.doi.org/10.1111/jth.14810] [PMID: 32338827]
Gupta  A,  Madhavan  MV,  Sehgal  K,  et  al.  Extrapulmonary[36]
manifestations of COVID-19. Nat Med 2020; 26(7): 1017-32.
[http://dx.doi.org/10.1038/s41591-020-0968-3] [PMID: 32651579]
Paramasivam A, Priyadharsini JV, Raghunandhakumar S, Elumalai P.[37]
A  novel  COVID-19  and  its  effects  on  cardiovascular  disease.
Hypertens  Res  2020;  43(7):  729-30.
[http://dx.doi.org/10.1038/s41440-020-0461-x] [PMID: 32355222]
Türsen Ü, Türsen B, Lotti T. Cutaneous sıde-effects of the potential[38]
COVID-19 drugs. Dermatol Ther 2020; 33(4)e13476 [published online
ahead of print, 2020 May 1].
[http://dx.doi.org/10.1111/dth.13476] [PMID: 32358890]
Vlachakis  PK,  Tentolouris  A,  Tousoulis  D,  Tentolouris  N.  Current[39]
data on the cardiovascular effects of COVID-19. Hellenic J Cardiol
2020; 61(1): 46-8.
[http://dx.doi.org/10.1016/j.hjc.2020.04.001] [PMID: 32315757]

Mattioli  AV,  Ballerini  Puviani  M,  Nasi  M,  Farinetti  A.  COVID-19[40]
pandemic: The effects of quarantine on cardiovascular risk. Eur J Clin
Nutr 2020; 74(6): 852-5.
[http://dx.doi.org/10.1038/s41430-020-0646-z] [PMID: 32371988]
Wei  C,  Friedman  AJ.  COVID-19  pandemic:  Are  there  unique[41]
cutaneous  manifestations  in  patients  infected  with  SARS-CoV-2?  J
Drugs Dermatol 2020; 19(5): 554-5.
[PMID: 32484624]
Rossi E, Bernabeu C, Smadja DM. Endoglin as an adhesion molecule[42]
in mature and progenitor endothelial cells: A function beyond TGF-β.
Front Med (Lausanne) 2019.
[http://dx.doi.org/10.3389/fmed.2019.00010]
Mao  L,  Jin  H,  Wang  M,  et  al.  Neurologic  manifestations  of[43]
hospitalized patients with coronavirus disease 2019 in wuhan, china.
JAMA Neurol 2020; 77(6): 683-90. [published online ahead of print,
2020 April 10].
[http://dx.doi.org/10.1001/jamaneurol.2020.1127] [PMID: 32275288]
Xiang P, Xu XM, Gao LL, Wang HZ, Xiong HF, Li RH. First case of[44]
2019  novel  coronavirus  disease  with  encephalitis.  ChinaXiv  2020;
202003. 00015
Lechien JR, Chiesa-Estomba CM, De Siati DR, et al. Olfactory and[45]
gustatory dysfunctions as a clinical presentation of mild-to-moderate
forms  of  the  coronavirus  disease  (COVID-19):  A  multicenter
European study. Eur Arch Otorhinolaryngol 2020; 277(8): 2251-61.
[http://dx.doi.org/10.1007/s00405-020-05965-1] [PMID: 32253535]
Spinato G, Fabbris C, Polesel J, et al. Alterations in smell or taste in[46]
mildly symptomatic outpatients with SARS-CoV-2 infection. JAMA
2020; 323(20): 2089-90. [published online ahead of print, 2020 April
22].
[http://dx.doi.org/10.1001/jama.2020.6771] [PMID: 32320008]
Chen  N,  Zhou  M,  Dong  X,  et  al.  Epidemiological  and  clinical[47]
characteristics of 99 cases of 2019 novel coronavirus pneumonia in
Wuhan, China: A descriptive study. Lancet 2020; 395(10223): 507-13.
[http://dx.doi.org/10.1016/S0140-6736(20)30211-7]  [PMID:
32007143]
Wang D, Hu B, Hu C, et al. Clinical characteristics of 138 hospitalized[48]
patients with 2019 novel coronavirus-infected pneumonia in wuhan,
china. JAMA 2020; 323(11): 1061-9. [published online ahead of print,
2020 February 7].
[http://dx.doi.org/10.1001/jama.2020.1585] [PMID: 32031570]
Oxley  TJ,  Mocco  J,  Majidi  S,  et  al.  Large-Vessel  Stroke  as  a[49]
presenting feature of COVID-19 in the young. N Engl J Med 2020;
382(20)e60
[http://dx.doi.org/10.1056/NEJMc2009787] [PMID: 32343504]
Yaghi S, Ishida K, Torres J, et al. SARS-CoV-2 and stroke in a new[50]
york  healthcare  system.  Stroke  2020;  51(7):  2002-11.  [published
correction appears in stroke. 2020 Aug;51(8):e179].
[http://dx.doi.org/10.1161/STROKEAHA.120.030335]  [PMID:
32432996]
Pilotto  A,  Odolini  S,  Masciocchi  S,  et  al.  Steroid-responsive[51]
encephalitis  in  coronavirus  disease  2019.  Ann  Neurol  2020;  88(2):
423-7. [published online ahead of print, 2020 May 17].
[http://dx.doi.org/10.1002/ana.25783] [PMID: 32418288]
Giacomelli  A, Pezzati  L,  Conti  F,  et al.  Self-reported olfactory and[52]
taste disorders in patients with severe acute respiratory coronavirus 2
infection:  A  cross-sectional  study.  Clin  Infect  Dis  2020;  71(15):
889-90.
[http://dx.doi.org/10.1093/cid/ciaa330] [PMID: 32215618]
Guo  YR,  Cao  QD,  Hong  ZS,  et  al.  The  origin,  transmission  and[53]
clinical therapies on coronavirus disease 2019 (COVID-19) outbreak -
an update on the status. Mil Med Res 2020; 7(11)
[http://dx.doi.org/10.1186/s40779-020-00240-0]
Chen  C,  Zhang  XR,  Ju  ZY,  He  WF.  Advances  in  the  research  of[54]
cytokine storm mechanism induced by Corona Virus Disease 2019 and
the  corresponding  immunotherapies.  Zhonghuashaoshangzazhi=
Zhonghuashaoshangzazhi= Chinese journal of burns 2020; 1;36: E005.
Wang  Y,  Wang  Y,  Chen  Y,  Qin  Q.  Unique  epidemiological  and[55]
clinical features of the emerging 2019 novel coronavirus pneumonia
(COVID-19) implicate special control measures. J Med Virol 2020;
92(6): 568-76.
[http://dx.doi.org/10.1002/jmv.25748] [PMID: 32134116]
Zhao  H,  Shen  D,  Zhou H,  Liu  J,  Chen  S.  Guillain-Barré  syndrome[56]
associated  with  SARS-CoV-2  infection:  Causality  or  coincidence?
Lancet Neurol 2020; 19(5): 383-4.
[http://dx.doi.org/10.1016/S1474-4422(20)30109-5]  [PMID:
32246917]
Toscano G, Palmerini F, Ravaglia S, et al. Guillain-Barré syndrome[57]

http://dx.doi.org/10.1001/jamainternmed.2020.0994
http://www.ncbi.nlm.nih.gov/pubmed/32167524
http://dx.doi.org/10.1371/journal.pone.0235458
http://dx.doi.org/10.1016/S2213-2600(20)30076-X
http://www.ncbi.nlm.nih.gov/pubmed/32085846
http://dx.doi.org/10.1016/j.jtho.2020.02.010
http://www.ncbi.nlm.nih.gov/pubmed/32114094
http://dx.doi.org/10.1056/NEJMoa2002032
http://www.ncbi.nlm.nih.gov/pubmed/32109013
http://dx.doi.org/10.1038/s41577-020-0311-8
http://www.ncbi.nlm.nih.gov/pubmed/32346093
http://dx.doi.org/10.1542/peds.2020-0702
http://www.ncbi.nlm.nih.gov/pubmed/32179660
https://clinicaltrials.gov/ct2/show/NCT04273321
http://www.chictr.org.cn/showproj.aspx?proj=49409
https://www.fiercepharma.com/pharma-asia/china-turns-roche-arthritis-drug-actemra-against-COVID-19-new-treatment-guidelines
https://www.fiercepharma.com/pharma-asia/china-turns-roche-arthritis-drug-actemra-against-COVID-19-new-treatment-guidelines
https://roivant.com/roivant-announcesdevelopment-of-antigm-csf-monoclonal-antibody-to-prevent-and-treatacute-respiratory-distress-syndrome-ards-in-patientswith-COVID-19/
https://roivant.com/roivant-announcesdevelopment-of-antigm-csf-monoclonal-antibody-to-prevent-and-treatacute-respiratory-distress-syndrome-ards-in-patientswith-COVID-19/
https://roivant.com/roivant-announcesdevelopment-of-antigm-csf-monoclonal-antibody-to-prevent-and-treatacute-respiratory-distress-syndrome-ards-in-patientswith-COVID-19/
https://roivant.com/roivant-announcesdevelopment-of-antigm-csf-monoclonal-antibody-to-prevent-and-treatacute-respiratory-distress-syndrome-ards-in-patientswith-COVID-19/
https://www.humanigen.com/press/Humanigen-
https://www.prnewswire.com/news-releases/cytosorb-thewuhan-coronavirus-and-cytokine-storm-300994196.html
https://www.prnewswire.com/news-releases/cytosorb-thewuhan-coronavirus-and-cytokine-storm-300994196.html
https://www.prnewswire.com/news-releases/cytosorb-thewuhan-coronavirus-and-cytokine-storm-300994196.html
https://www.preprints.org/manuscript/202002.0395/v1
http://dx.doi.org/10.1182/blood.2020006288
http://www.ncbi.nlm.nih.gov/pubmed/32302379
http://dx.doi.org/10.1111/jth.14810
http://www.ncbi.nlm.nih.gov/pubmed/32338827
http://dx.doi.org/10.1038/s41591-020-0968-3
http://www.ncbi.nlm.nih.gov/pubmed/32651579
http://dx.doi.org/10.1038/s41440-020-0461-x
http://www.ncbi.nlm.nih.gov/pubmed/32355222
http://dx.doi.org/10.1111/dth.13476
http://www.ncbi.nlm.nih.gov/pubmed/32358890
http://dx.doi.org/10.1016/j.hjc.2020.04.001
http://www.ncbi.nlm.nih.gov/pubmed/32315757
http://dx.doi.org/10.1038/s41430-020-0646-z
http://www.ncbi.nlm.nih.gov/pubmed/32371988
http://www.ncbi.nlm.nih.gov/pubmed/32484624
http://dx.doi.org/10.3389/fmed.2019.00010
http://dx.doi.org/10.1001/jamaneurol.2020.1127
http://www.ncbi.nlm.nih.gov/pubmed/32275288
http://dx.doi.org/10.1007/s00405-020-05965-1
http://www.ncbi.nlm.nih.gov/pubmed/32253535
http://dx.doi.org/10.1001/jama.2020.6771
http://www.ncbi.nlm.nih.gov/pubmed/32320008
http://dx.doi.org/10.1016/S0140-6736(20)30211-7
http://www.ncbi.nlm.nih.gov/pubmed/32007143
http://dx.doi.org/10.1001/jama.2020.1585
http://www.ncbi.nlm.nih.gov/pubmed/32031570
http://dx.doi.org/10.1056/NEJMc2009787
http://www.ncbi.nlm.nih.gov/pubmed/32343504
http://dx.doi.org/10.1161/STROKEAHA.120.030335
http://www.ncbi.nlm.nih.gov/pubmed/32432996
http://dx.doi.org/10.1002/ana.25783
http://www.ncbi.nlm.nih.gov/pubmed/32418288
http://dx.doi.org/10.1093/cid/ciaa330
http://www.ncbi.nlm.nih.gov/pubmed/32215618
http://dx.doi.org/10.1186/s40779-020-00240-0
http://dx.doi.org/10.1002/jmv.25748
http://www.ncbi.nlm.nih.gov/pubmed/32134116
http://dx.doi.org/10.1016/S1474-4422(20)30109-5
http://www.ncbi.nlm.nih.gov/pubmed/32246917


90   The Open COVID Journal, 2021, Volume 1 Majeed and Noor

associated with SARS-CoV-2. N Engl J Med 2020; 382(26): 2574-6.
[http://dx.doi.org/10.1056/NEJMc2009191] [PMID: 32302082]
Koyuncu OO, Hogue IB, Enquist LW. Virus infections in the nervous[58]
system. Cell Host Microbe 2013; 13(4): 379-93.
[http://dx.doi.org/10.1016/j.chom.2013.03.010] [PMID: 23601101]
Desforges M, Le Coupanec A, Dubeau P, et al. Human coronaviruses[59]
and other respiratory viruses: Underestimated opportunistic pathogens
of the central nervous system?. Viruses 2019; 12(1): 14.
[http://dx.doi.org/10.3390/v12010014]
Mori I. Transolfactory neuroinvasion by viruses threatens the human[60]
brain. Acta Virol 2015; 59(4): 338-49.
[http://dx.doi.org/10.4149/av_2015_04_338] [PMID: 26666182]
Baig AM, Khaleeq A,  Ali  U,  Syeda H.  Evidence of  the COVID-19[61]
virus targeting the CNS: Tissue distribution, host-virus interaction, and
proposed neurotropic mechanisms. ACS Chem Neurosci 2020; 11(7):
995-8.
[http://dx.doi.org/10.1021/acschemneuro.0c00122] [PMID: 32167747]
AHA/ASA  Stroke  Council  Leadership.  Temporary  emergency[62]
guidance  to  us  stroke  centers  during  the  coronavirus  disease  2019
(covid-19)  pandemic:  On  behalf  of  the  american  heart
association/american  stroke  association  stroke  council  leadership.
Stroke 2020; 51(6): 1910-2.
[http://dx.doi.org/10.1161/STROKEAHA.120.030023]  [PMID:
32233972]
Hartung  HP,  Aktas  O.  COVID-19  and  management  of[63]
neuroimmunological disorders. Nat Rev Neurol 2020; 16(7): 347-8.
[http://dx.doi.org/10.1038/s41582-020-0368-9] [PMID: 32444648]
Siordia  JA Jr.  Epidemiology and clinical  features  of  COVID-19:  A[64]
review of current literature. J Clin Virol 2020; 127104357
[http://dx.doi.org/10.1016/j.jcv.2020.104357] [PMID: 32305884]
Zhang J, Xie B, Hashimoto K. Current status of potential therapeutic[65]
candidates for the COVID-19 crisis.  Brain Behav Immun 2020; 87:
59-73.
[http://dx.doi.org/10.1016/j.bbi.2020.04.046] [PMID: 32334062]
Arentz M, Yim E, Klaff L, et al. Characteristics and outcomes of 21[66]
critically  ill  patients  with  COVID-19  in  Washington  State.  JAMA
2020; 323(16): 1612-4.
[http://dx.doi.org/10.1001/jama.2020.4326] [PMID: 32191259]
Richardson  S,  Hirsch  JS,  Narasimhan  M,  et  al.  Presenting[67]
characteristics,  comorbidities,  and  outcomes  among  5700  patients
hospitalized with COVID-19 in the New York City area. 2020.
[http://dx.doi.org/10.1001/jama.2020.6775]
Florindo HF, Kleiner R, Vaskovich-Koubi D, et al. Immune-mediated[68]
approaches against COVID-19. Nat Nanotechnol 2020; 15(8): 630-45.
[http://dx.doi.org/10.1038/s41565-020-0732-3] [PMID: 32661375]
Akhmerov A, Marbán E.  COVID-19 and the Heart.  Circ Res 2020;[69]
126(10): 1443-55.
[http://dx.doi.org/10.1161/CIRCRESAHA.120.317055]  [PMID:
32252591]
South  AM,  Diz  DI,  Chappell  MC.  COVID-19,  ACE2,  and  the[70]
cardiovascular consequences. Am J Physiol Heart Circ Physiol 2020;
318(5): H1084-90.
[http://dx.doi.org/10.1152/ajpheart.00217.2020] [PMID: 32228252]
Tahamtan A, Tavakoli-Yaraki M, Salimi V. Opioids/cannabinoids as a[71]
potential  therapeutic  approach  in  COVID-19  patients.  Expert  Rev
Respir Med 2020; 14(10): 965-7.
[http://dx.doi.org/10.1080/17476348.2020.1787836]  [PMID:
32576053]
Guo  T,  Fan  Y,  Chen  M,  et  al.  Cardiovascular  implications  of  fatal[72]
outcomes  of  patients  with  coronavirus  disease  2019  (COVID-19).
JAMA Cardiol 2020; 5(7): 811-8.
[http://dx.doi.org/10.1001/jamacardio.2020.1017] [PMID: 32219356]
Bansal  M.  Cardiovascular  disease  and  COVID-19.  Diabetes  Metab[73]
Syndr 2020; 14(3): 247-50.
[http://dx.doi.org/10.1016/j.dsx.2020.03.013] [PMID: 32247212]
Golchin A, Seyedjafari E, Ardeshirylajimi A. Mesenchymal stem cell[74]
therapy for COVID-19: present or future. Stem Cell Rev Rep 2020;
16(3): 427-33.
[http://dx.doi.org/10.1007/s12015-020-09973-w] [PMID: 32281052]
Pan L,  Mu M,  Yang P,  et  al.  Clinical  characteristics  of  COVID-19[75]
patients with digestive symptoms in Hubei, China: a descriptive, cross-
sectional, multicenter study. Am J Gastroenterol 2020; 115(5): 766-73.
[http://dx.doi.org/10.14309/ajg.0000000000000620]  [PMID:
32287140]
Galván Casas C, Català A, Carretero Hernández G, et al. Classification[76]
of  the  cutaneous  manifestations  of  COVID-19:  a  rapid  prospective
nationwide consensus study in Spain with 375 cases. Br J Dermatol

2020; 183(1): 71-7.
[http://dx.doi.org/10.1111/bjd.19163] [PMID: 32348545]
Ng SC, Tilg H. COVID-19 and the gastrointestinal tract: More than[77]
meets the eye. Gut 2020; 69(6): 973-4.
[http://dx.doi.org/10.1136/gutjnl-2020-321195] [PMID: 32273292]
Ma C, Cong Y. Zhang H. COVID-19 and the digestive system. Am J[78]
Gastroenterol 2020.
[http://dx.doi.org/10.14309/ajg.0000000000000691]
Mazza S, Sorce A, Peyvandi F, Vecchi M, Caprioli F. A fatal case of[79]
COVID-19  pneumonia  occurring  in  a  patient  with  severe  acute
ulcerative  colitis.  Gut  2020;  69(6):  1148-9.
[http://dx.doi.org/10.1136/gutjnl-2020-321183] [PMID: 32245909]
Wong SH, Lui RN, Sung JJ. COVID-19 and the digestive system. J[80]
Gastroenterol Hepatol 2020; 35(5): 744-8.
[http://dx.doi.org/10.1111/jgh.15047] [PMID: 32215956]
Shekhar S, Wurth R, Kamilaris CDC, et al. Endocrine conditions and[81]
COVID-19. Horm Metab Res 2020; 52(7): 471-84.
[http://dx.doi.org/10.1055/a-1172-1352] [PMID: 32512611]
Marazuela M, Giustina A, Puig-Domingo M. Endocrine and metabolic[82]
aspects of the COVID-19 pandemic. Rev Endocr Metab Disord 2020;
21(4): 495-507.
[http://dx.doi.org/10.1007/s11154-020-09569-2] [PMID: 32643004]
Christ-Crain  M,  Hoorn  EJ,  Sherlock  M,  Thompson  CJ,  Wass  JAH.[83]
Endocrinology In The Time of COVID-19: Management of diabetes
insipidus and hyponatraemia. Eur J Endocrinol 2020; 183(1): G9-G15.
[http://dx.doi.org/10.1530/EJE-20-0338] [PMID: 32380474]
Isidori  AM,  Arnaldi  G,  Boscaro  M,  et  al.  COVID-19 infection  and[84]
glucocorticoids:  update  from  the  Italian  Society  of  Endocrinology
Expert  Opinion  on  steroid  replacement  in  adrenal  insufficiency.  J
Endocrinol Invest 2020; 43(8): 1141-7.
[http://dx.doi.org/10.1007/s40618-020-01266-w] [PMID: 32335855]
Arlt W, Baldeweg SE, Pearce SHS, Simpson HL. Endocrinology In[85]
The Time of COVID-19: Management of adrenal insufficiency. Eur J
Endocrinol 2020; 183(1): G25-32.
[http://dx.doi.org/10.1530/EJE-20-0361] [PMID: 32379699]
Vrachimis  A,  Iakovou  I,  Giannoula  E.  Giovanella  LJEJoE[86]
Endocrinology  in  the  time  of  COVID-19:  Management  of  thyroid
nodules and cancer 2020; 183(1): G41-8.
Hirsch  JS,  Ng JH,  Ross  DW, et  al.  Acute  kidney  injury  in  patients[87]
hospitalized with COVID-19. Kidney Int 2020; 98(1): 209-18.
[http://dx.doi.org/10.1016/j.kint.2020.05.006] [PMID: 32416116]
Cheng Y, Luo R, Wang K, et al. Kidney impairment is associated with[88]
in-hospital death of COVID-19 patients MedRxiv 2020.
[http://dx.doi.org/10.1101/2020.02.18.20023242]
Pei G, Zhang Z, Peng J, et al. Renal involvement and early prognosis[89]
in  patients  with  COVID-19  pneumonia.  J  Am  Soc  Nephrol  2020;
31(6): 1157-65.
[http://dx.doi.org/10.1681/ASN.2020030276] [PMID: 32345702]
Naicker S, Yang CW, Hwang SJ, Liu BC, Chen JH, Jha V. The Novel[90]
Coronavirus  2019  epidemic  and  kidneys.  Kidney  Int  2020;  97(5):
824-8.
[http://dx.doi.org/10.1016/j.kint.2020.03.001] [PMID: 32204907]
Ronco C, Reis T. Kidney involvement in COVID-19 and rationale for[91]
extracorporeal therapies. Nat Rev Nephrol 2020; 16(6): 308-10.
[http://dx.doi.org/10.1038/s41581-020-0284-7] [PMID: 32273593]
Goldfarb DS, Benstein JA, Zhdanova O, et al. Impending shortages of[92]
kidney  replacement  therapy  for  COVID-19  patients.  2020;  15:  pp.
(6)880-2.
Perico  L,  Benigni  A,  Remuzzi  G.  Should  COVID-19  concern[93]
nephrologists?  Why  and  to  what  extent?  The  emerging  impasse  of
angiotensin blockade. Nephron 2020; 144(5): 213-21.
[http://dx.doi.org/10.1159/000507305] [PMID: 32203970]
Zhang C, Shi L, Wang FS. Liver injury in COVID-19: management[94]
and challenges. Lancet Gastroenterol Hepatol 2020; 5(5): 428-30.
[http://dx.doi.org/10.1016/S2468-1253(20)30057-1]  [PMID:
32145190]
Cai  Q,  Huang D,  Yu H,  et  al.  COVID-19:  Abnormal  liver  function[95]
tests. J Hepatol 2020; 73(3): 566-74.
[http://dx.doi.org/10.1016/j.jhep.2020.04.006] [PMID: 32298767]
Ji D, Qin E, Xu J, et al. Non-alcoholic fatty liver diseases in patients[96]
with COVID-19: A retrospective study. J Hepatol 2020; 73(2): 451-3.
[http://dx.doi.org/10.1016/j.jhep.2020.03.044] [PMID: 32278005]
Portincasa  P,  Krawczyk  M,  Machill  A,  Lammert  F,  Di  Ciaula  A.[97]
Hepatic consequences of COVID-19 infection. Lapping or biting? Eur
J Intern Med 2020; 77: 18-24.
[http://dx.doi.org/10.1016/j.ejim.2020.05.035] [PMID: 32507608]
Sun J, Aghemo A, Forner A, Valenti L. COVID-19 and liver disease.[98]

http://dx.doi.org/10.1056/NEJMc2009191
http://www.ncbi.nlm.nih.gov/pubmed/32302082
http://dx.doi.org/10.1016/j.chom.2013.03.010
http://www.ncbi.nlm.nih.gov/pubmed/23601101
http://dx.doi.org/10.3390/v12010014
http://dx.doi.org/10.4149/av_2015_04_338
http://www.ncbi.nlm.nih.gov/pubmed/26666182
http://dx.doi.org/10.1021/acschemneuro.0c00122
http://www.ncbi.nlm.nih.gov/pubmed/32167747
http://dx.doi.org/10.1161/STROKEAHA.120.030023
http://www.ncbi.nlm.nih.gov/pubmed/32233972
http://dx.doi.org/10.1038/s41582-020-0368-9
http://www.ncbi.nlm.nih.gov/pubmed/32444648
http://dx.doi.org/10.1016/j.jcv.2020.104357
http://www.ncbi.nlm.nih.gov/pubmed/32305884
http://dx.doi.org/10.1016/j.bbi.2020.04.046
http://www.ncbi.nlm.nih.gov/pubmed/32334062
http://dx.doi.org/10.1001/jama.2020.4326
http://www.ncbi.nlm.nih.gov/pubmed/32191259
http://dx.doi.org/10.1001/jama.2020.6775
http://dx.doi.org/10.1038/s41565-020-0732-3
http://www.ncbi.nlm.nih.gov/pubmed/32661375
http://dx.doi.org/10.1161/CIRCRESAHA.120.317055
http://www.ncbi.nlm.nih.gov/pubmed/32252591
http://dx.doi.org/10.1152/ajpheart.00217.2020
http://www.ncbi.nlm.nih.gov/pubmed/32228252
http://dx.doi.org/10.1080/17476348.2020.1787836
http://www.ncbi.nlm.nih.gov/pubmed/32576053
http://dx.doi.org/10.1001/jamacardio.2020.1017
http://www.ncbi.nlm.nih.gov/pubmed/32219356
http://dx.doi.org/10.1016/j.dsx.2020.03.013
http://www.ncbi.nlm.nih.gov/pubmed/32247212
http://dx.doi.org/10.1007/s12015-020-09973-w
http://www.ncbi.nlm.nih.gov/pubmed/32281052
http://dx.doi.org/10.14309/ajg.0000000000000620
http://www.ncbi.nlm.nih.gov/pubmed/32287140
http://dx.doi.org/10.1111/bjd.19163
http://www.ncbi.nlm.nih.gov/pubmed/32348545
http://dx.doi.org/10.1136/gutjnl-2020-321195
http://www.ncbi.nlm.nih.gov/pubmed/32273292
http://dx.doi.org/10.14309/ajg.0000000000000691
http://dx.doi.org/10.1136/gutjnl-2020-321183
http://www.ncbi.nlm.nih.gov/pubmed/32245909
http://dx.doi.org/10.1111/jgh.15047
http://www.ncbi.nlm.nih.gov/pubmed/32215956
http://dx.doi.org/10.1055/a-1172-1352
http://www.ncbi.nlm.nih.gov/pubmed/32512611
http://dx.doi.org/10.1007/s11154-020-09569-2
http://www.ncbi.nlm.nih.gov/pubmed/32643004
http://dx.doi.org/10.1530/EJE-20-0338
http://www.ncbi.nlm.nih.gov/pubmed/32380474
http://dx.doi.org/10.1007/s40618-020-01266-w
http://www.ncbi.nlm.nih.gov/pubmed/32335855
http://dx.doi.org/10.1530/EJE-20-0361
http://www.ncbi.nlm.nih.gov/pubmed/32379699
http://dx.doi.org/10.1016/j.kint.2020.05.006
http://www.ncbi.nlm.nih.gov/pubmed/32416116
http://dx.doi.org/10.1101/2020.02.18.20023242
http://dx.doi.org/10.1681/ASN.2020030276
http://www.ncbi.nlm.nih.gov/pubmed/32345702
http://dx.doi.org/10.1016/j.kint.2020.03.001
http://www.ncbi.nlm.nih.gov/pubmed/32204907
http://dx.doi.org/10.1038/s41581-020-0284-7
http://www.ncbi.nlm.nih.gov/pubmed/32273593
http://dx.doi.org/10.1159/000507305
http://www.ncbi.nlm.nih.gov/pubmed/32203970
http://dx.doi.org/10.1016/S2468-1253(20)30057-1
http://www.ncbi.nlm.nih.gov/pubmed/32145190
http://dx.doi.org/10.1016/j.jhep.2020.04.006
http://www.ncbi.nlm.nih.gov/pubmed/32298767
http://dx.doi.org/10.1016/j.jhep.2020.03.044
http://www.ncbi.nlm.nih.gov/pubmed/32278005
http://dx.doi.org/10.1016/j.ejim.2020.05.035
http://www.ncbi.nlm.nih.gov/pubmed/32507608


Extrapulmonary Manifestations of SARS-CoV-2 The Open COVID Journal, 2021, Volume 1   91

Liver Int 2020; 40(6): 1278-81.
[http://dx.doi.org/10.1111/liv.14470] [PMID: 32251539]
Lei  F,  Liu  YM,  Zhou  F,  et  al.  Longitudinal  association  between[99]
markers  of  liver  injury  and  mortality  in  COVID‐19  in  China.
Hepatology  2020;  72(2):  389-98.
[http://dx.doi.org/10.1002/hep.31301] [PMID: 32359177]
Zhang X, Tan Y, Ling Y, et al. Viral and host factors related to the[100]
clinical outcome of COVID-19. Nature 2020; 583(7816): 437-40.
[http://dx.doi.org/10.1038/s41586-020-2355-0] [PMID: 32434211]
Bhatraju PK, Ghassemieh BJ, Nichols M, et al. COVID-19 in critically[101]
ill  patients  in  the  seattle  region  -  case  series.  N  Engl  J  Med  2020;
382(21): 2012-22.
[http://dx.doi.org/10.1056/NEJMoa2004500] [PMID: 32227758]
Terpos  E,  Ntanasis-Stathopoulos  I,  Elalamy I,  et  al.  Hematological[102]
findings and complications of COVID-19. Am J Hematol 2020; 95(7):
834-47.
[http://dx.doi.org/10.1002/ajh.25829] [PMID: 32282949]
Goyal  P,  Choi  JJ,  Pinheiro  LC,  et  al.  Clinical  Characteristics  of[103]
COVID-19 in New York City. N Engl J Med 2020; 382(24): 2372-4.
[http://dx.doi.org/10.1056/NEJMc2010419] [PMID: 32302078]
Dolhnikoff  M,  Duarte-Neto  AN,  de  Almeida  Monteiro  RA,  et  al.[104]
Pathological evidence of pulmonary thrombotic phenomena in severe
COVID-19. J Thromb Haemost 2020; 18(6): 1517-9.
[http://dx.doi.org/10.1111/jth.14844] [PMID: 32294295]
Lippi G, Plebani M, Henry BM. Thrombocytopenia is associated with[105]
severe  coronavirus  disease  2019  (COVID-19)  infections:  A  meta-
analysis. Clin Chim Acta 2020; 506: 145-8.
[http://dx.doi.org/10.1016/j.cca.2020.03.022] [PMID: 32178975]
Petrilli CM, Jones SA, Yang J, et al. Factors associated with hospital[106]
admission  and  critical  illness  among  5279  people  with  coronavirus
disease 2019 in New York City: prospective cohort study. BMJ 2020;
369: m1966.
[http://dx.doi.org/10.1136/bmj.m1966]
Cummings MJ, Baldwin MR, Abrams D, et al. Epidemiology, clinical[107]
course, and outcomes of critically ill adults with COVID-19 in New
York  City:  a  prospective  cohort  study.  Lancet  2020;  395(10239):
1763-70.
[http://dx.doi.org/10.1016/S0140-6736(20)31189-2]  [PMID:
32442528]
Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are[108]
associated  with  poor  prognosis  in  patients  with  novel  coronavirus
pneumonia. J Thromb Haemost 2020; 18(4): 844-7.
[http://dx.doi.org/10.1111/jth.14768] [PMID: 32073213]
Cui  S,  Chen  S,  Li  X,  Liu  S,  Wang  F.  Prevalence  of  venous[109]
thromboembolism  in  patients  with  severe  novel  coronavirus
pneumonia.  J  Thromb  Haemost  2020;  18(6):  1421-4.
[http://dx.doi.org/10.1111/jth.14830] [PMID: 32271988]
Klok  FA,  Kruip  MJHA,  van  der  Meer  NJM,  et  al.  Incidence  of[110]
thrombotic  complications  in  critically  ill  ICU  patients  with
COVID-19.  Thromb  Res  2020;  191:  145-7.
[http://dx.doi.org/10.1016/j.thromres.2020.04.013] [PMID: 32291094]
Helms  J,  Tacquard  C,  Severac  F,  et  al.  High  risk  of  thrombosis  in[111]
patients with severe SARS-CoV-2 infection: a multicenter prospective
cohort study. Intensive Care Med 2020; 46(6): 1089-98.
[http://dx.doi.org/10.1007/s00134-020-06062-x] [PMID: 32367170]
Llitjos  JF,  Leclerc  M, Chochois  C,  et  al.  High incidence of  venous[112]
thromboembolic events in anticoagulated severe COVID-19 patients. J
Thromb Haemost 2020; 18(7): 1743-6.
[http://dx.doi.org/10.1111/jth.14869] [PMID: 32320517]
Lodigiani  C,  Iapichino  G,  Carenzo  L,  et  al.  Venous  and  arterial[113]
thromboembolic complications in COVID-19 patients admitted to an
academic hospital in Milan, Italy. Thromb Res 2020; 191: 9-14.
[http://dx.doi.org/10.1016/j.thromres.2020.04.024] [PMID: 32353746]
Tavazzi G, Civardi L, Caneva L, Mongodi S, Mojoli F. Thrombotic[114]
events  in  SARS-CoV-2  patients:  an  urgent  call  for  ultrasound
screening.  Intensive  Care  Med  2020;  46(6):  1121-3.
[http://dx.doi.org/10.1007/s00134-020-06040-3] [PMID: 32322918]
Ackermann M, Verleden SE, Kuehnel M, et al. Pulmonary vascular[115]
endothelialitis, thrombosis, and angiogenesis in COVID-19. N Engl J
Med 2020; 383(2): 120-8.
[http://dx.doi.org/10.1056/NEJMoa2015432] [PMID: 32437596]
Gu  J,  Gong  E,  Zhang  B,  et  al.  Multiple  organ  infection  and  the[116]
pathogenesis of SARS. J Exp Med 2005; 202(3): 415-24.
[http://dx.doi.org/10.1084/jem.20050828] [PMID: 16043521]
Xu H, Zhong L, Deng J, et al. High expression of ACE2 receptor of[117]
2019-nCoV on the epithelial cells of oral mucosa. Int J Oral Sci 2020;
12(1): 8.

[http://dx.doi.org/10.1038/s41368-020-0074-x]
Huang  KJ,  Su  IJ,  Theron  M,  et  al.  An  interferon-gamma-related[118]
cytokine storm in SARS patients. J Med Virol 2005; 75(2): 185-94.
[http://dx.doi.org/10.1002/jmv.20255] [PMID: 15602737]
Hotchkiss RS, Opal SM. Activating immunity to fight a foe - A new[119]
path. N Engl J Med 2020; 382(13): 1270-2.
[http://dx.doi.org/10.1056/NEJMcibr1917242] [PMID: 32212525]
Chu H, Zhou J,  Wong BH, et  al.  Middle east  respiratory syndrome[120]
coronavirus  efficiently  infects  human  primary  t  lymphocytes  and
activates the extrinsic and intrinsic apoptosis pathways. J Infect Dis
2016; 213(6): 904-14.
[http://dx.doi.org/10.1093/infdis/jiv380] [PMID: 26203058]
Fischer K, Hoffmann P, Voelkl S, et al. Inhibitory effect of tumor cell-[121]
derived lactic acid on human T cells. Blood 2007; 109(9): 3812-9.
[http://dx.doi.org/10.1182/blood-2006-07-035972] [PMID: 17255361]
Debuc  B,  Smadja  DM.  Is  COVID-19  a  new  hematologic  disease?[122]
Stem Cell Rev Rep 2020; 1-5 [published online ahead of print, 2020
May 12].
[http://dx.doi.org/10.1007/s12015-020-09987-4] [PMID: 32399806]
Jia JL, Kamceva M, Rao SA, Linos E. Cutaneous manifestations of[123]
COVID-19: A preliminary review. J Am Acad Dermatol 2020; 83(2):
687-90.
[http://dx.doi.org/10.1016/j.jaad.2020.05.059] [PMID: 32422225]
Loon  SC,  Teoh  SC,  Oon  LL,  et  al.  The  severe  acute  respiratory[124]
syndrome coronavirus in tears. Br J Ophthalmol 2004; 88(7): 861-3.
[http://dx.doi.org/10.1136/bjo.2003.035931] [PMID: 15205225]
Hu K,  Patel  J,  Patel  BC.  Ophthalmic  manifestations  of  coronavirus[125]
(COVID-19).StatPearls.  Treasure  Island,  FL:  StatPearls  Publishing
2020.
Wu  P,  Duan  F,  Luo  C,  et  al.  Characteristics  of  ocular  findings  of[126]
patients with coronavirus disease 2019 (COVID-19) in hubei province,
china. JAMA Ophthalmol 2020; 138(5): 575-8.
[http://dx.doi.org/10.1001/jamaophthalmol.2020.1291]  [PMID:
32232433]
Seah  I,  Agrawal  R.  Can  the  coronavirus  disease  2019  (COVID-19)[127]
affect the eyes? A review of coronaviruses and ocular implications in
humans and animals. Ocul Immunol Inflamm 2020; 28(3): 391-5.
[http://dx.doi.org/10.1080/09273948.2020.1738501]  [PMID:
32175797]
Heimfarth L, Serafini MR, Martins-Filho PR, Quintans JSS, Quintans-[128]
Júnior LJ. Drug repurposing and cytokine management in response to
COVID-19:  A  review.  Int  Immunopharmacol  2020;  88106947
[published  online  ahead  of  print,  2020  Aug  31].
[http://dx.doi.org/10.1016/j.intimp.2020.106947] [PMID: 32919216]
Zhang H, Penninger JM, Li  Y,  Zhong N, Slutsky AS. Angiotensin-[129]
converting enzyme 2 (ACE2) as a SARS-CoV-2 receptor: molecular
mechanisms  and  potential  therapeutic  target.  Intensive  Care  Med
2020; 46(4): 586-90.
[http://dx.doi.org/10.1007/s00134-020-05985-9] [PMID: 32125455]
Sungnak W, Huang N, Bécavin C, et al. SARS-CoV-2 entry factors[130]
are  highly  expressed  in  nasal  epithelial  cells  together  with  innate
immune genes. Nat Med 2020; 26(5): 681-7.
[http://dx.doi.org/10.1038/s41591-020-0868-6] [PMID: 32327758]
Cao W, Li T. COVID-19: towards understanding of pathogenesis. Cell[131]
Res 2020; 30(5): 367-9.
[http://dx.doi.org/10.1038/s41422-020-0327-4] [PMID: 32346073]
Imai  Y,  Kuba  K,  Rao  S,  et  al.  Angiotensin-converting  enzyme  2[132]
protects  from  severe  acute  lung  failure.  Nature  2005;  436(7047):
112-6.
[http://dx.doi.org/10.1038/nature03712] [PMID: 16001071]
He L, Ding Y, Zhang Q, et al. Expression of elevated levels of pro-[133]
inflammatory cytokines in SARS-CoV-infected ACE2+ cells in SARS
patients: Relation to the acute lung injury and pathogenesis of SARS. J
Pathol 2006; 210(3): 288-97.
[http://dx.doi.org/10.1002/path.2067] [PMID: 17031779]
Nicholls JM, Poon LL, Lee KC, et al. Lung pathology of fatal severe[134]
acute respiratory syndrome. Lancet 2003; 361(9371): 1773-8.
[http://dx.doi.org/10.1016/S0140-6736(03)13413-7]  [PMID:
12781536]
Behrens  EM,  Koretzky  GA.  Review:  Cytokine  storm  syndrome:[135]
Looking toward the precision medicine era. Arthritis Rheumatol 2017;
69(6): 1135-43.
[http://dx.doi.org/10.1002/art.40071] [PMID: 28217930]
Chen  H,  Wang  F,  Zhang  P,  et  al.  Management  of  cytokine  release[136]
syndrome  related  to  CAR-T  cell  therapy.  Front  Med  2019;  13(5):
610-7.
[http://dx.doi.org/10.1007/s11684-019-0714-8] [PMID: 31571160]

http://dx.doi.org/10.1111/liv.14470
http://www.ncbi.nlm.nih.gov/pubmed/32251539
http://dx.doi.org/10.1002/hep.31301
http://www.ncbi.nlm.nih.gov/pubmed/32359177
http://dx.doi.org/10.1038/s41586-020-2355-0
http://www.ncbi.nlm.nih.gov/pubmed/32434211
http://dx.doi.org/10.1056/NEJMoa2004500
http://www.ncbi.nlm.nih.gov/pubmed/32227758
http://dx.doi.org/10.1002/ajh.25829
http://www.ncbi.nlm.nih.gov/pubmed/32282949
http://dx.doi.org/10.1056/NEJMc2010419
http://www.ncbi.nlm.nih.gov/pubmed/32302078
http://dx.doi.org/10.1111/jth.14844
http://www.ncbi.nlm.nih.gov/pubmed/32294295
http://dx.doi.org/10.1016/j.cca.2020.03.022
http://www.ncbi.nlm.nih.gov/pubmed/32178975
http://dx.doi.org/10.1136/bmj.m1966
http://dx.doi.org/10.1016/S0140-6736(20)31189-2
http://www.ncbi.nlm.nih.gov/pubmed/32442528
http://dx.doi.org/10.1111/jth.14768
http://www.ncbi.nlm.nih.gov/pubmed/32073213
http://dx.doi.org/10.1111/jth.14830
http://www.ncbi.nlm.nih.gov/pubmed/32271988
http://dx.doi.org/10.1016/j.thromres.2020.04.013
http://www.ncbi.nlm.nih.gov/pubmed/32291094
http://dx.doi.org/10.1007/s00134-020-06062-x
http://www.ncbi.nlm.nih.gov/pubmed/32367170
http://dx.doi.org/10.1111/jth.14869
http://www.ncbi.nlm.nih.gov/pubmed/32320517
http://dx.doi.org/10.1016/j.thromres.2020.04.024
http://www.ncbi.nlm.nih.gov/pubmed/32353746
http://dx.doi.org/10.1007/s00134-020-06040-3
http://www.ncbi.nlm.nih.gov/pubmed/32322918
http://dx.doi.org/10.1056/NEJMoa2015432
http://www.ncbi.nlm.nih.gov/pubmed/32437596
http://dx.doi.org/10.1084/jem.20050828
http://www.ncbi.nlm.nih.gov/pubmed/16043521
http://dx.doi.org/10.1038/s41368-020-0074-x
http://dx.doi.org/10.1002/jmv.20255
http://www.ncbi.nlm.nih.gov/pubmed/15602737
http://dx.doi.org/10.1056/NEJMcibr1917242
http://www.ncbi.nlm.nih.gov/pubmed/32212525
http://dx.doi.org/10.1093/infdis/jiv380
http://www.ncbi.nlm.nih.gov/pubmed/26203058
http://dx.doi.org/10.1182/blood-2006-07-035972
http://www.ncbi.nlm.nih.gov/pubmed/17255361
http://dx.doi.org/10.1007/s12015-020-09987-4
http://www.ncbi.nlm.nih.gov/pubmed/32399806
http://dx.doi.org/10.1016/j.jaad.2020.05.059
http://www.ncbi.nlm.nih.gov/pubmed/32422225
http://dx.doi.org/10.1136/bjo.2003.035931
http://www.ncbi.nlm.nih.gov/pubmed/15205225
http://dx.doi.org/10.1001/jamaophthalmol.2020.1291
http://www.ncbi.nlm.nih.gov/pubmed/32232433
http://dx.doi.org/10.1080/09273948.2020.1738501
http://www.ncbi.nlm.nih.gov/pubmed/32175797
http://dx.doi.org/10.1016/j.intimp.2020.106947
http://www.ncbi.nlm.nih.gov/pubmed/32919216
http://dx.doi.org/10.1007/s00134-020-05985-9
http://www.ncbi.nlm.nih.gov/pubmed/32125455
http://dx.doi.org/10.1038/s41591-020-0868-6
http://www.ncbi.nlm.nih.gov/pubmed/32327758
http://dx.doi.org/10.1038/s41422-020-0327-4
http://www.ncbi.nlm.nih.gov/pubmed/32346073
http://dx.doi.org/10.1038/nature03712
http://www.ncbi.nlm.nih.gov/pubmed/16001071
http://dx.doi.org/10.1002/path.2067
http://www.ncbi.nlm.nih.gov/pubmed/17031779
http://dx.doi.org/10.1016/S0140-6736(03)13413-7
http://www.ncbi.nlm.nih.gov/pubmed/12781536
http://dx.doi.org/10.1002/art.40071
http://www.ncbi.nlm.nih.gov/pubmed/28217930
http://dx.doi.org/10.1007/s11684-019-0714-8
http://www.ncbi.nlm.nih.gov/pubmed/31571160


92   The Open COVID Journal, 2021, Volume 1 Majeed and Noor

Murthy H, Iqbal M, Chavez JC, Kharfan-Dabaja MA. Cytokine release[137]
syndrome: Current perspectives. Immunotargets Ther 2019; 8: 43-52.
[http://dx.doi.org/10.2147/ITT.S202015]
Zhang  C,  Wu  Z,  Li  JW,  Zhao  H,  Wang  GQ.  Cytokine  release[138]
syndrome  in  severe  COVID-19:  interleukin-6  receptor  antagonist
tocilizumab  may  be  the  key  to  reduce  mortality.  Int  J  Antimicrob
Agents 2020; 55(5)105954
[http://dx.doi.org/10.1016/j.ijantimicag.2020.105954]  [PMID:
32234467]
Buonaguro FM, Ascierto PA, Morse GD, et al. COVID-19: Time for a[139]
paradigm change. Rev Med Virol 2020; 30(5)e2134
[http://dx.doi.org/10.1002/rmv.2134] [PMID: 32618072]
Jimenez-Rodriguez TW, Garcia-Neuer M, Alenazy LA, Castells M.[140]
Anaphylaxis  in  the  21st  century:  phenotypes,  endotypes,  and
biomarkers.  J  Asthma  Allergy  2018;  11:  121-42.
[http://dx.doi.org/10.2147/JAA.S159411]
Sarzi-Puttini P, Giorgi V, Sirotti S, et al. COVID-19, cytokines and[141]
immunosuppression: what can we learn from severe acute respiratory
syndrome? Clin Exp Rheumatol 2020; 38(2): 337-42.
[PMID: 32202240]
Beck BR, Shin B, Choi Y, Park S, Kang K. Predicting commercially[142]
available antiviral drugs that may act on the novel coronavirus (SARS-
CoV-2) through a drug-target interaction deep learning model. Comput
Struct Biotechnol J 2020; 18: 784-90.
[http://dx.doi.org/10.1016/j.csbj.2020.03.025]
Jin  YH,  Zhan  QY,  Peng  ZY,  et  al.  Chemoprophylaxis,  diagnosis,[143]
treatments, and discharge management of COVID-19: An evidence-
based clinical practice guideline (updated version). Mil Med Res 2020;
7(1): 41.
[http://dx.doi.org/10.1186/s40779-020-00270-8]
Xu P, Huang J, Fan Z, et al. Arbidol/IFN-α2b therapy for patients with[144]
corona virus disease 2019: A retrospective multicenter cohort study.
Microbes Infect 2020; 22(4-5): 200-5.
[http://dx.doi.org/10.1016/j.micinf.2020.05.012] [PMID: 32445881]
Panagopoulos P, Petrakis V, Panopoulou M, et al. Lopinavir/ritonavir[145]
as a third agent in the antiviral regimen for SARS-CoV-2 infection. J
Chemother 2020; 1-5 [published online ahead of print, 2020 Jun 12].
[http://dx.doi.org/10.1080/1120009X.2020.1775424]  [PMID:
32530369]
Grein J, Ohmagari N, Shin D, et al. Compassionate use of remdesivir[146]
for  patients  with  severe  COVID-19.  N  Engl  J  Med  2020;  382(24):
2327-36.
[http://dx.doi.org/10.1056/NEJMoa2007016] [PMID: 32275812]
Hung IF, Lung KC, Tso EY, et al. Triple combination of interferon[147]
beta-1b, lopinavir-ritonavir, and ribavirin in the treatment of patients
admitted  to  hospital  with  COVID-19:  An  open-label,  randomised,
phase 2 trial. Lancet 2020; 395(10238): 1695-704.
[http://dx.doi.org/10.1016/S0140-6736(20)31042-4]  [PMID:
32401715]
Zhu  Z,  Lu  Z,  Xu  T,  et  al.  Arbidol  monotherapy  is  superior  to[148]
lopinavir/ritonavir in treating COVID-19. J Infect 2020; 81(1): e21-3.
[http://dx.doi.org/10.1016/j.jinf.2020.03.060] [PMID: 32283143]
Duret PM, Sebbag E, Mallick A, Gravier S, Spielmann L, Messer L.[149]
Recovery from COVID-19 in a patient with spondyloarthritis treated
with  TNF-alpha  inhibitor  etanercept.  Ann  Rheum  Dis  2020;  79(9):
1251-2.
[http://dx.doi.org/10.1136/annrheumdis-2020-217362]  [PMID:
32354772]
Bennardo F, Buffone C, Giudice A. New therapeutic opportunities for[150]

COVID-19  patients  with  Tocilizumab:  Possible  correlation  of
interleukin-6 receptor inhibitors with osteonecrosis of the jaws. Oral
Oncol 2020; 106104659
[http://dx.doi.org/10.1016/j.oraloncology.2020.104659]  [PMID:
32209313]
Cavalli G, De Luca G, Campochiaro C, et al. Interleukin-1 blockade[151]
with high-dose anakinra in patients with COVID-19, acute respiratory
distress  syndrome,  and  hyperinflammation:  A  retrospective  cohort
study. Lancet Rheumatol 2020; 2(6): e325-31.
[http://dx.doi.org/10.1016/S2665-9913(20)30127-2]  [PMID:
32501454]
Yaekura  A,  Yoshida  K,  Morii  K,  et  al.  Chronotherapy  targeting[152]
cytokine  secretion  attenuates  collagen-induced arthritis  in  mice.  Int
Immunopharmacol 2020; 84106549
[http://dx.doi.org/10.1016/j.intimp.2020.106549] [PMID: 32416449]
Aydın  E,  Yıldırım  Y,  Aydın  FY,  et  al.  Evaluation  of  the  effect  of[153]
intraperitoneal  etanercept  administration  on  oxidative  stress  and
inflammation  indicators  in  the  kidney  and  blood  of  experimental
sepsis-induced rats. Rev Soc Bras Med Trop 2020; 53e20200016
[http://dx.doi.org/10.1590/0037-8682-0016-2020] [PMID: 32348434]
Dolinger MT, Person H, Smith R, et al. Pediatric crohn disease and[154]
multisystem  inflammatory  syndrome  in  children  (MIS-C)  and
COVID-19 treated with infliximab. J Pediatr Gastroenterol Nutr 2020;
71(2): 153-5.
[http://dx.doi.org/10.1097/MPG.0000000000002809]  [PMID:
32452979]
Antwi-Amoabeng  D,  Kanji  Z,  Ford  B,  Beutler  BD,  Riddle  MS,[155]
Siddiqui  F.  Clinical  outcomes  in  COVID-19  patients  treated  with
tocilizumab: An individual patient data systematic review. J Med Virol
2020; 92(11):  2516-22. [published online ahead of print,  2020 May
21].
[http://dx.doi.org/10.1002/jmv.26038] [PMID: 32436994]
McGonagle  D,  Sharif  K,  O’Regan  A,  Bridgewood  C.  The  role  of[156]
cytokines including interleukin-6 in covid-19 induced pneumonia and
macrophage activation syndrome-like disease. Autoimmun Rev 2020;
19(6)102537
[http://dx.doi.org/10.1016/j.autrev.2020.102537] [PMID: 32251717]
Shacter  E,  Arzadon  GK,  Williams  J.  Elevation  of  interleukin-6  in[157]
response  to  a  chronic  inflammatory  stimulus  in  mice:  inhibition  by
indomethacin. Blood 1992; 80(1): 194-202.
[http://dx.doi.org/10.1182/blood.V80.1.194.194] [PMID: 1611085]
Hosseini-Chegeni A, Jazaeri F, Yousefi-Ahmadipour A, Heidari M,[158]
Abdollahie  A,  Dehpour  AR.  Thalidomide  attenuates  the
hyporesponsiveness  of  isolated  atria  to  chronotropic  stimulation  in
BDL rats:  The  involvement  of  TNF-α,  IL-6  inhibition,  and  SOCS1
activation. Iran J Basic Med Sci 2019; 22(11): 1259-66.
[http://dx.doi.org/10.22038/ijbms.2019.32256.7742]  [PMID:
32128089]
Yamaya  M,  Nishimura  H,  Deng  X,  et  al.  Inhibitory  effects  of[159]
glycopyrronium,  formoterol,  and  budesonide  on  coronavirus
HCoV-229E replication and cytokine production by primary cultures
of  human  nasal  and  tracheal  epithelial  cells.  Respir  Investig  2020;
58(3): 155-68.
[http://dx.doi.org/10.1016/j.resinv.2019.12.005] [PMID: 32094077]
Li L,  He X, Wang X, et  al.  Ruxolitinib protects  lipopolysaccharide[160]
(LPS)-induced sepsis through inhibition of nitric oxide production in
mice. Ann Transl Med 2020; 8(8): 546.
[http://dx.doi.org/10.21037/atm-20-2972] [PMID: 32411769]

© 2021 Majeed and Noor

This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International Public License (CC-BY 4.0), a copy of which is
available at: https://creativecommons.org/licenses/by/4.0/legalcode. This license permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.

http://dx.doi.org/10.2147/ITT.S202015
http://dx.doi.org/10.1016/j.ijantimicag.2020.105954
http://www.ncbi.nlm.nih.gov/pubmed/32234467
http://dx.doi.org/10.1002/rmv.2134
http://www.ncbi.nlm.nih.gov/pubmed/32618072
http://dx.doi.org/10.2147/JAA.S159411
http://www.ncbi.nlm.nih.gov/pubmed/32202240
http://dx.doi.org/10.1016/j.csbj.2020.03.025
http://dx.doi.org/10.1186/s40779-020-00270-8
http://dx.doi.org/10.1016/j.micinf.2020.05.012
http://www.ncbi.nlm.nih.gov/pubmed/32445881
http://dx.doi.org/10.1080/1120009X.2020.1775424
http://www.ncbi.nlm.nih.gov/pubmed/32530369
http://dx.doi.org/10.1056/NEJMoa2007016
http://www.ncbi.nlm.nih.gov/pubmed/32275812
http://dx.doi.org/10.1016/S0140-6736(20)31042-4
http://www.ncbi.nlm.nih.gov/pubmed/32401715
http://dx.doi.org/10.1016/j.jinf.2020.03.060
http://www.ncbi.nlm.nih.gov/pubmed/32283143
http://dx.doi.org/10.1136/annrheumdis-2020-217362
http://www.ncbi.nlm.nih.gov/pubmed/32354772
http://dx.doi.org/10.1016/j.oraloncology.2020.104659
http://www.ncbi.nlm.nih.gov/pubmed/32209313
http://dx.doi.org/10.1016/S2665-9913(20)30127-2
http://www.ncbi.nlm.nih.gov/pubmed/32501454
http://dx.doi.org/10.1016/j.intimp.2020.106549
http://www.ncbi.nlm.nih.gov/pubmed/32416449
http://dx.doi.org/10.1590/0037-8682-0016-2020
http://www.ncbi.nlm.nih.gov/pubmed/32348434
http://dx.doi.org/10.1097/MPG.0000000000002809
http://www.ncbi.nlm.nih.gov/pubmed/32452979
http://dx.doi.org/10.1002/jmv.26038
http://www.ncbi.nlm.nih.gov/pubmed/32436994
http://dx.doi.org/10.1016/j.autrev.2020.102537
http://www.ncbi.nlm.nih.gov/pubmed/32251717
http://dx.doi.org/10.1182/blood.V80.1.194.194
http://www.ncbi.nlm.nih.gov/pubmed/1611085
http://dx.doi.org/10.22038/ijbms.2019.32256.7742
http://www.ncbi.nlm.nih.gov/pubmed/32128089
http://dx.doi.org/10.1016/j.resinv.2019.12.005
http://www.ncbi.nlm.nih.gov/pubmed/32094077
http://dx.doi.org/10.21037/atm-20-2972
http://www.ncbi.nlm.nih.gov/pubmed/32411769
https://creativecommons.org/licenses/by/4.0/legalcode

	The Extrapulmonary Manifestations of SARS-CoV-2 
	1. INTRODUCTION
	2. IMMUNE SYSTEM
	2.1. Clinical Symptoms
	2.2. Pathophysiology
	3. CARDIOVASCULAR IMPLICATIONS
	3.1. Clinical Symptoms
	3.2. Pathophysiology
	4. NEUROLOGIC EFFECTS
	4.1. Clinical Symptoms
	4.2. Pathophysiology
	5. GASTROINTESTINAL IMPLICATIONS
	5.1. Clinical Symptoms
	5.2. Pathophysiology
	6. ENDOCRINOLOGICAL MANIFESTATION
	6.1. Clinical Symptoms
	6.2. Pathophysiology
	7. RENAL EFFECTS
	7.1. Clinical Symptoms
	7.2. Pathophysiology
	8. HEPATOBILIARY MANIFESTATION
	8.1. Clinical Symptoms
	8.2. Pathophysiology
	9. HEMATOLOGY EFFECTS
	9.1. Clinical Symptoms
	9.2. Pathophysiology
	10. DERMATOLOGIC EFFECTS
	10.1. Clinical Symptoms
	10.2. Pathophysiology
	11. OCULAR INFECTIONS
	11.1. Clinical Symptoms
	11.2. Pathophysiology
	12. MANAGEMENT CONSIDERATIONS FOR MULTIPLE ORGAN DAMAGE
	13. COVID-19 THERAPEUTICS, CYTOKINE MANAGEMENT AND DRUG REPURPOSING
	CONCLUSION
	CONSENT FOR PUBLICATION
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES




