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Abstract
Although COVID-19 presents primarily as a lower respiratory tract infection transmitted via air droplets, increasing data 
suggest multiorgan involvement in patients that are infected. This systemic involvement is postulated to be mainly related to 
the SARS-CoV-2 virus binding on angiotensin-converting enzyme 2 (ACE2) receptors located on several different human 
cells. Lung involvement is the most common serious manifestation of the disease, ranging from asymptomatic disease or 
mild pneumonia, to severe disease associated with hypoxia, critical disease associated with shock, respiratory failure and 
multiorgan failure or death. Among patients with COVID-19, underlying cardiovascular comorbidities including hyperten-
sion, diabetes and especially cardiovascular disease, has been associated with adverse outcomes, whereas the emergence 
of cardiovascular complications, including myocardial injury, heart failure and arrhythmias, has been associated with poor 
survival. Gastrointestinal symptoms are also frequently encountered and may persist for several days. Haematological com-
plications are frequent as well and have been associated with poor prognosis. Furthermore, recent studies have reported that 
over a third of infected patients develop a broad spectrum of neurological symptoms affecting the central nervous system, 
peripheral nervous system and skeletal muscles, including anosmia and ageusia. The skin, the kidneys, the liver, the endocrine 
organs and the eyes are also affected by the systemic COVID-19 disease. Herein, we provide a comprehensive overview of 
the organ-specific systemic manifestations of COVID-19.
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Introduction

The SARS-CoV-2 virus has caused a worldwide pandemic 
in the past few months with a major impact on health care 
systems and economies. Since December 2019 when the 
first diagnosed case was identified in Wuhan, China, the 
highly contagious virus has spread throughout the world 
with detrimental consequences. SARS-CoV-2 belongs to 
the coronaviruses family of enveloped, single-stranded 
RNA viruses [1]. Notably, the main hosts of these viruses 
are animals. To date, 39 different species of the viruses 

have been identified, including two highly contagious 
and pathogenic species that led to two different outbreaks 
the past 2 decades [severe acute respiratory syndrome 
coronavirus (SARS-CoV) in 2002 and Middle East res-
piratory syndrome coronavirus (MERS-CoV) in 2012] [2]. 
Patients infected with this new coronavirus present with 
a variety of symptoms, which range from asymptomatic 
disease to mild and moderate symptoms (mild pneumo-
nia), severe symptoms (dyspnoea, hypoxia, or > 50% lung 
involvement on imaging) and symptoms of critical illness 
(acute respiratory distress syndrome, respiratory failure, 
shock or multiorgan system dysfunction). The disease 
affects mainly elderly adults; however, younger patients 
without comorbidities can also be diagnosed with severe 
disease. The virus presents primarily as a lower tract 
respiratory infection transmitted via air droplets, but the 
multisystemic nature of the disease is becoming increas-
ingly apparent as more data are emerging. It is postulated 
that it is related to the tropism of the virus for the ACE-2 
receptors located on several different human cells. The 
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occurrence of other symptoms can not only coexist, but 
may also precede the typical phenotype of COVID-19. In a 
recent study, SARS-CoV-2 viral load was quantified in 22 
post-mortem autopsy tissue samples [3]; 17 patients (77%) 
had more than two coexisting conditions. The number of 
coexisting conditions was strongly associated with SARS-
CoV-2 affinity to the kidneys, including patients without 
history of chronic kidney disease. The highest levels of 
SARS-CoV-2 copies were detected in the respiratory tract, 
while the levels detected in kidneys, liver, heart, brain and 
blood were lower. These findings indicate a possible organ 
tropism of SARS-CoV-2 that might influence the course 
of the disease leading potentially to underlying conditions 
aggravation. As our knowledge on the virus mechanisms 
increases, our understanding on the various complications 
will continue to evolve. This manuscript aims to review the 

available literature and provide further insight on multior-
gan involvement of the disease (Fig. 1).

Pulmonary involvement

The severity of lung involvement associated with SARS-
CoV-2 infection ranges from lack of symptoms or mild 
pneumonia (in 81%) to severe disease-associated hypoxia 
(seen in 14%), critical disease associated with shock, respira-
tory failure and multiorgan failure (in 5%) or death (2.3%) 
[4]. It is the most common serious disease manifestation. 
Patients may present with dry cough, fever, sputum produc-
tion, fatigue and dyspnea, and the reported frequency var-
ies based on the cohort studied [5–7]. Among hospitalized 
patients, 20–41% will develop acute respiratory distress 

Fig. 1   Schematic overview of the systemic manifestations of COVID-19 infection and the underlying pathophysiology
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syndrome (ARDS). What is becoming increasingly appar-
ent as our understanding of the mechanisms of COVID-19 
induced lung injury expands, are the distinct or “atypical” 
features of COVID-19-associated ARDS [4, 8].

Based on SARS-CoV virus data, the genome of which 
is highly homologous to the SARS-CoV-2 genome, it is 
hypothesized that the human angiotensin-converting enzyme 
2 (ACE2) receptor is the main functional receptor for the 
SARS-CoV-2 virus. The ACE2 receptor is expressed on the 
apical side of type II alveolar epithelial cells in the alveo-
lar space, and the large surface area of the lung serves as 
a reservoir for viral binding and replication, providing an 
explanation for the tropism of the SARS-CoV-2 virus and 
the lung vulnerability observed [9, 10].

SARS-CoV-2 infection induces alveolar injury and inter-
stitial inflammation. Dendritic cells (DCs) and alveolar mac-
rophages phagocytose the virus-infected apoptosed epithe-
lial cells, and T cell responses are initiated activating innate 
and adaptive immune mechanisms [11]. Levels of proinflam-
matory cytokines and chemokines, such as tumour necrosis 
factor (TNF)-α, interleukin 1β (IL-1β), IL-6, and more, are 
increased in patients with COVID-19 infection [12]. The 
cytokine storm is hypothesized to play a central role in the 
immunopathology of COVID-19, but the primary source or 
the exact virological mechanisms behind it have not been 
identified yet. There is extensive hemophagocytosis which 
shares features but is distinct from the well-described mac-
rophage activation syndrome (MAS) [13, 14]. In addition to 
the proinflammatory stage and immune system activation, an 
immune suppression stage follows which is characterized by 
lymphopenia, low CD4 and CD8 T cell counts, increasing 
the risk of bacterial infection [15, 16].

Emerging data from COVID-19 pneumonia autopsy 
studies demonstrate acute interstitial pneumonia and dif-
fuse alveolar damage (DAD) with macrophage infiltration, 
formation of hyaline membranes and alveolar wall oedema 
and thickening. There is also microvasculature involve-
ment with pulmonary vessel (intra and extra) hyaline 
thrombosis, haemorrhage, vessel wall oedema, intravas-
cular neutrophil trapping and immune cell infiltration. In 
one series, in 5 out of 23 patients, major pulmonary ves-
sel thromboemboli and/or haemorrhage were reported [14, 
17, 18]. McGonagle et al. use the term diffuse pulmonary 
intravascular coagulopathy (PIC) to describe this lung-
restricted vascular immunopathology [19] driven prob-
ably by the close anatomical positioning of type II pneu-
mocytes and the pulmonary vasculature. At early stages 
of this process, there is no systemic coagulopathy (DIC) 
which is seen, however, at later disease stages coupled 
with the presence of ARDS. Extensive microthrombi for-
mation within the vascular bed causes pulmonary infarc-
tion, haemorrhage, pulmonary hypertension and second-
ary ventricular stress [20]. Hypoxemia and mechanical 

ventilation which forces immunostimulatory molecules in 
the microvasculature also seem to contribute to the devel-
opment of PIC.

Findings on chest radiograph imaging are not disease-
specific and usually include ground glass opacities with 
bilateral, peripheral or lower lung zone distribution with or 
without consolidation [21–23]. Chest CT is more sensitive, 
but no finding can 100% establish or rule out the diagnosis 
[24]. According to the Radiological Society of North Amer-
ica, CT findings are categorized into typical, indeterminate 
or atypical for COVID-19 demonstrating that specificity is 
low even for CT [25]. In one study using RT-PCR as a ref-
erence, sensitivity was 97% but specificity very low at 25% 
[26]. Radiological abnormalities increase over the disease 
course, and the typical peak is at 10–12 days post-symptom 
initiation. At early stages or in mild disease, imaging may 
not reveal any pathology, but interestingly abnormal find-
ings on imaging can be identified in some cases prior to 
symptom development or even prior to PCR RNA detection 
[27]. Using CT as a screening tool is not, however, recom-
mended. Improvement of the findings lags behind symptom 
or hypoxia improvement [28].

Hypoxia is frequently a presenting feature of COVID-19 
pneumonia, but interestingly, it is often insidious and para-
doxically well tolerated by the patients. This unusual clinical 
presentation, seen at early disease stages, is referred to as 
“silent hypoxia” and is linked to the “atypical” features of 
the ARDS syndrome associated with COVID-19 pneumonia 
[29].

Contrary to the typical ARDS, lung compliance is pre-
served and the hypoxia-driven tachypnea allows high vol-
umes and hypocapnia which fails to stimulate the sensa-
tion of dyspnea. A similar pathophysiological mechanism 
is seen in hypobaric hypoxia at high altitude [30]. A model 
has been recently proposed which includes two time-
associated phenotypes. The severity of infection, patient 
comorbidities and physiological reserve, the time elapsed 
between disease onset and presentation to hospital and the 
host immune response all contribute. The L-phenotype is 
seen at early disease stages; there is high lung compliance, 
and the ventilation-to-perfusion ratio (Va/Q ratio) is low, but 
there is dysfunctional regulation of perfusion with hypoxic 
vasoconstriction. At this stage, the lung weight is low and 
lung recruitability is low with minimal amount of non-aer-
ated lung tissue. This develops into the H-phenotype with 
decreased lung compliance due to oedema, increased frac-
tion of cardiac output perfusing the non-aerated tissue and 
therefore a right-to-left shunt, increased lung volume due to 
oedema and consolidation and therefore high recruitability. 
Type L patients usually remain stable for some time and 
can then either improve or worsen and transition into type 
H, secondary to evolution of the COVID-19 pneumonia but 
also injury induced by high-stress ventilation [31].
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Management should be adapted based on the type of 
phenotype and timing/stage of lung injury. A high positive 
end-expiratory pressure (PEEP) on the ventilator, at early 
stages of poor lung recruitability, is not very effective, but in 
combination with gravitational forces (using prone position-
ing), it may allow for perfusion redistribution and increased 
oxygenation [32, 33]. The initial practice of early intubation 
was not supported by emerging data. L-phenotype patients 
should receive high-flow nasal cannula FiO2, continuous 
positive airway pressure or non-invasive ventilation with 
close monitoring. Awake or self-proning has been incor-
porated in many hospital protocols in an attempt to prevent 
intubation and reverse hypoxemia [34]. Type H patients 
should be treated as severe ARDS with higher PEEP vol-
umes, prone positioning and extracorporeal support.

Another factor that may predispose for severe and poten-
tially fatal ARDS in patients with COVID-19 is the excessive 
increase in circulating proinflammatory cytokines includ-
ing interleukins (IL-1, IL-6), interferon and TNF-α. This 
“cytokine storm” results from an inflammatory over-reaction 
as a response to SARS-CoV-2 infection that ultimately leads 
to endothelial cell dysfunction, damage of the vascular bar-
rier, capillary leak and diffuse alveolar damage [35]. In this 
context, anti-IL-6 inhibitors, such as the monoclonal anti-
body tocilizumab, inhibitors of JAK kinases, such as barici-
tinib, and corticosteroids, especially dexamethasone, have 
been evaluated in patients with severe COVID-19 and have 
shown promising preliminary results [36–39].

Cardiovascular manifestations

Among patients with COVID-19, underlying cardiovascular 
comorbidities including hypertension, diabetes, and espe-
cially cardiovascular disease, have been associated with 
adverse outcomes [4, 40–49], whereas the emergence of 
cardiovascular complications, including myocardial injury, 
heart failure and arrhythmias, has been associated with poor 
survival [6, 40–44, 50–54]. The presence of obesity is also 
associated with adverse cardiovascular outcomes [55].

Evidence of myocardial injury in patients with COVID-
19 has been a remarkable finding [40–42, 44, 50–53]. ACE2 
expression is significantly elevated in cardiac tissue [56] and 
may potentially facilitate direct myocardial damage induced 
by viral infection. There have been also reported isolated 
cases of COVID-19-induced myocarditis, which support 
the hypothesis of direct myocardial injury by SARS-CoV-2 
[57–60]. Furthermore, ACE2 plays an important role in the 
renin–angiotensin system by catalysing the conversion of 
angiotensin II to angiotensin 1–7, which exerts a protec-
tive effect on the cardiovascular system [61, 62]. Impor-
tantly, the binding of SARS-CoV-2 to ACE2 is anticipated 
to result in loss of the external ACE2 catalytic effect [63, 

64]. Subsequently, the theoretical downregulation of ACE2 
and the decrease in angiotensin 1-7 levels in patients with 
COVID-19 may also compromise heart function [65].

In addition to the above, a non-negligible proportion of 
patients with COVID-19 seem to experience a hyperinflam-
matory state, in which inflammatory cytokines and other 
markers of systemic inflammation are markedly increased 
[40–42, 66]. The circulating cytokines can stimulate mac-
rophages and leucocyte adhesion molecule expression on 
the endothelial cells of underlying atherosclerotic lesions, 
rendering them more vulnerable for disruption and increas-
ing the possibility of a clinically evident acute coronary 
syndrome [67, 68]. Systemic cytokines may also activate 
the microvascular endothelium and induce a dysfunction of 
the coronary microvasculature, which may result in myo-
cardial ischaemia and myocardial injury [68]. Inflammation 
and subsequent dysfunction of the endothelium in several 
organs are the result of both the direct effect of SARS-CoV-2 
infection of endothelial cells and the indirect effects of the 
host inflammatory response [69].

Myocardial injury can also result secondary to a mis-
match between myocardial oxygen supply and demand, 
known as type 2 myocardial infarction. SARS-CoV-2 infec-
tion may be associated with myocardial damage through 
increased myocardial oxygen demand along with reduced 
myocardial oxygen supply. Severe respiratory complica-
tions and associated hypoxia have been common findings 
in patients with COVID-19 [41, 43, 45, 51, 70]. Moreover, 
hypotension, which is a common clinical feature both in 
sepsis and during the cytokine storm syndrome, can also 
reduce myocardial oxygen supply [68]. Furthermore, sys-
temic infection and fever increase the metabolic needs of 
peripheral tissues and end-organs, which elevates the meta-
bolic demands of the myocardial cells [71].

Fulminant myocarditis may be a clinical manifestation of 
COVID-19 [57, 58] and may result in left ventricular systolic 
dysfunction or even cardiogenic shock [72, 73]. Among 176 
Chinese patients with COVID-19, Chen et al. reported heart 
failure as a complication in 24.4% (n = 43), using age-related 
amino-terminal pro-brain natriuretic peptide (NTproBNP) 
cut-points [53]. Interestingly, there was a significant differ-
ence in the prevalence of heart failure between COVID-19 
survivors and non-survivors (3.2% vs. 49.4%) [53]. Another 
study encompassing data from 191 patients reported a 23% 
(n = 44) incidence of heart failure, 63.6% (n = 28) of which 
was fatal [41]. A meta-analysis of 43 studies involving 3600 
patients reported a prevalence of heart failure as a COVID-
19 complication of 17.1% (95%, CI 1.5–42.2) among criti-
cally ill patients compared to 1.9% (95% CI 0.0–26.0) among 
non-critically ill patients [54].

Guo et al. reported sustained ventricular tachycardia 
or ventricular fibrillation in 5.9% (n = 11) of 187 patients 
treated in a COVID-19 specialized centre in China [52]. 
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Another retrospective study including data from the 393 
consecutive patients with COVID-19 in two hospitals in 
New York City showed that patients who received mechani-
cal ventilation were more likely to have atrial arrhythmias 
(18.5% versus 1.9%) [6]. It has to be noted that sustained 
ventricular arrhythmias have been reported as a frequent 
clinical feature of acute myocarditis [73], which may be the 
case in patients with COVID-19 complicated by myocarditis. 
Importantly, arrhythmias may be also induced by medical 
treatment for COVID-19, such as chloroquine phosphate, 
hydroxychloroquine sulphate and azithromycin [74]. These 
agents and their combinations may prolong the QTc interval 
and predispose for torsades de pointes or other ventricular 
arrhythmias [75].

Another characteristic manifestation of COVID-19 in the 
cardiovascular system that has been recently reported is a 
Kawasaki-like syndrome, which is characterized by circula-
tory dysfunction and macrophage activation syndrome [76]. 
A single-centre study conducted in Bergamo, Italy, reported 
a 30-fold increase in the incidence of Kawasaki-like disease 
during the COVID-19 pandemic, as compared with the pre-
vious year [77]. The cytokine storm associated with infec-
tion by SARS-CoV-2 may be the predisposing mechanism 
for the Kawasaki-like clinical phenotype, but further insight 
has to be shed by future preclinical studies.

Gastrointestinal and liver involvement

The underlying pathophysiologic mechanism for the occur-
rence of digestive symptoms is also thought to be related to 
the virus’s affinity for ACE2 receptors located in specific 
enterocytes in the ileum and colon [52, 78, 79]. ACE2 recep-
tors are involved partially in inflammation mechanisms and 
therefore could provide an explanation for the occurrence of 
diarrhoea in infected patients. Importantly, the binding effi-
ciency is stronger for SARS-CoV-2 than the SARS-CoV-1, 
and this might be one of the reasons of high rate of transmis-
sion [80]. Binding to primary intestinal epithelial cells also 
raises the question on whether the virus can be transmit-
ted through the faecal–oral route, which currently remains 
unconfirmed [78, 79]. The largest study evaluating digestive 
involvement in patients with COVID-19 was performed in 
Wuhan, China. The investigators evaluated 1141 retrospec-
tive cases admitted to one single hospital over a period of 
7 weeks [81]. 16% (183) of patients presented only with 
gastrointestinal symptoms. The most common symptom 
reported was loss of appetite. Vomiting and nausea occurred 
in approximately two-third of the patients, while diarrhoea 
and abdominal pain were present in 37% and 25%, respec-
tively. The main study limitations were its retrospective 
design along with the relatively small sample size. Another 
cross-sectional study from Hubei province reported results 

on digestive symptoms from patients being admitted to one 
of three different hospitals during January and February 
2020. In total, 99 patients (48.5%) had gastrointestinal symp-
toms. The symptoms included anorexia (83.8%), diarrhoea 
(29.3%), vomiting (8.1%) and abdominal pain (4.0%), while 
some patients reported symptoms combinations. Notably, 
7 patients presented only with digestive symptoms with no 
evidence of respiratory involvement. In this case, the diag-
nosis was delayed due to the non-specific symptoms they 
experienced [82]. Another study in China included 1099 
patients and demonstrated that the most common symp-
toms on admission were fever (43.8%) and cough (67.8%) 
[43]. Gastrointestinal symptoms were less common—nau-
sea or vomiting 5% and diarrhoea 3.8%, respectively. In a 
single-centre case series of 138 hospitalized patients with 
COVID-19, 10.1% reported diarrhoea and/or nausea, but 
the proportion of patients only with digestive symptoms 
was not outlined [50]. In another recent study performed in 
China, gastrointestinal symptoms were reported in 74 of 651 
(11.4%) patients [83]. Nausea, vomiting and diarrhoea were 
the most common. Importantly, it was demonstrated that 
GI symptoms were more common in patients with severe 
COVID-19 disease (23% vs. 8.1%). Further data are required 
to understand better the role of the gastrointestinal involve-
ment of COVID-19 and clarify whether it is correlated with 
worse outcomes. The abovementioned studies did not test for 
virus RNA in the stool, so there is no proof that active viral 
RNA replication can be found in the digestive tract. A recent 
report of a 25-year-old female who presented with respira-
tory symptoms and fever indicates that the virus might be 
excreted in faeces [84]. Ten days after admission, she under-
went real-time PCR of a pharyngeal sample that was nega-
tive for SARS-CoV-2. A separate faecal sample was tested 
and found positive. The next 7 days 4 additional samples 
from the respiratory tract were tested and were all nega-
tive. This suggests that the gastrointestinal tract was the only 
documented source of the virus infection. In a recent Singa-
porean study, 50% of patients had SARS-CoV-2 detected in 
their stool samples, but detection did not correlate with the 
presence of digestive symptoms [85]. In another study, the 
duration of viral RNA detection after recovery was examined 
[86]. The median time from symptoms onset to first nega-
tive RT-PCR test from oropharyngeal swab was 9.5 days, 
but 16.7% of the patients tested positive for viral RNA from 
stool specimens for a median of 11 days. This observation 
indicates that there might be a potential faecal–oral transmis-
sion risk many days after symptoms resolution.

Regarding the liver-related complications of COVID-
19, liver test abnormalities have been described in infected 
patients. In one study, it was demonstrated that total biliru-
bin, AST and ALT were elevated in 10%, 21% and 22% of 
patients, respectively [43]. Other case series have reported 
ALT abnormalities in 16–53% [40, 51, 87–90]. To date, 
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cases of acute liver failure have not been reported. Liver dys-
function is mainly described in patients with severe disease 
upon presentation. However, it is difficult to discriminate 
the independent effect of the infection from other treatment 
modalities, such as antibiotics and antiviral drugs admin-
istered to these patients. Additionally, these abnormalities 
could be attributed to the infection itself, the induced sepsis 
or the concurrence of hypoxia. One patient underwent liver 
autopsy which revealed microvesicular steatosis, mild lobu-
lar and portal inflammation [91]. ACE2 receptors are located 
in hepatocytes and cholangiocytes; therefore, it was antici-
pated that the liver would also be involved. However, chole-
static abnormalities have rarely been described. Underlying 
pre-existing liver diseases could have contributed to liver 
enzyme abnormalities. The exact pattern of liver injury as 
well as its role in mortality needs to be further investigated. 
Finally, very recently a systemic review and meta-analyses 
were published in Lancet Gastroenterology and Hepatology 
in order to identify the prognosis and prevalence of diges-
tive tract involvement and liver abnormalities in patients 
diagnosed with COVID-19. In total, 35 studies with 6686 
patients were included in the analyses. The study demon-
strated that gastrointestinal symptoms and hepatic toxicity 
are not uncommon among patients with COVID-19 disease 
[92].

Haematological manifestations

COVID-19 is a systemic infection with a significant impact 
on the haematopoietic system and homeostasis [93]. Lym-
phopenia may be considered as a cardinal laboratory find-
ing, with prognostic potential. Approximately, 7–14 days 
from the onset of the initial symptoms, there is a surge in 
the clinical manifestations of the COVID-19 disease with 
a pronounced systemic increase in inflammatory media-
tors and cytokines, which may even be characterized as a 
“cytokine storm” [94]. In this context, significant lympho-
penia becomes evident. Neutrophil/lymphocyte ratio and 
peak platelet/lymphocyte ratio may also have prognostic 
value in determining severe cases. Lymphocytes express 
the ACE2 receptor on their surface [81]; thus, SARS-CoV-2 
may directly infect those cells, whereas the cytokine surge 
may promote lymphocyte apoptosis [95–97]. Substantial 
cytokine activation may be also associated with atrophy of 
lymphoid organs, including the spleen, and further impairs 
lymphocyte turnover [98]. Abnormalities in haematological 
parameters have been more prominent among severe versus 
non-severe cases (96.1% versus 80.4% for lymphocytope-
nia, 57.7% versus 31.6% for thrombocytopenia and 61.1% 
versus 28.1% for leukopenia). These results were consistent 
in four other descriptive studies that were conducted during 
the same period in China and included 41, 99, 138 and 201 

confirmed cases with COVID-19, respectively [40, 42, 50, 
87]. A meta-analysis of nine studies suggested that throm-
bocytopenia is significantly associated with the severity of 
the COVID-19 disease, with very high between-studies het-
erogeneity, though a more sizeable drop in platelet counts 
was noted especially in non-survivors [99]. During the dis-
ease course, longitudinal evaluation of lymphocyte count 
dynamics and inflammatory indices, including LDH, CRP 
and IL-6, may help to identify cases with dismal progno-
sis and prompt intervention in order to improve outcomes 
[93]. Biomarkers such as high serum procalcitonin, CRP and 
ferritin have also emerged as poor prognostic factors [41, 
43, 100]. More recently, high cortisol levels at presentation 
may reflect disease severity and have been recognized as 
an adverse prognostic factor associated with poor survival 
among patients with severe COVID-19 [101].

Furthermore, blood hypercoagulability is common among 
hospitalized COVID-19 patients, especially among those 
with severe disease [41, 102, 103]. Elevated D-dimer levels 
are consistently reported, whereas their gradual increase dur-
ing disease course is associated with clinical deterioration 
[40, 43, 50, 87, 104]. Other coagulation abnormalities such 
as PT and aPTT prolongation, increasing fibrin degradation 
products, with severe thrombocytopenia lead to life-threat-
ening disseminated intravascular coagulation (DIC) which 
necessitates continuous vigilance and prompt intervention 
[41, 42, 52, 105–108]. Endothelial dysfunction and immune 
deregulation may be implicated in the underlying pathophys-
iology [109]. COVID-19 infected patients are at high risk of 
venous thromboembolism (VTE) (up to 10% for acutely ill 
hospitalized patients [110]). Comorbidities, along with the 
possibility of endothelial cell activation/damage due to the 
virus binding to ACE2 receptor, collectively increase the 
risk of VTE. Prompt pharmacological thromboprophylaxis 
with low molecular weight heparin is highly recommended 
[93, 111, 112].

Neurological manifestations

Although coronaviruses mainly cause respiratory symptoms, 
they have been reported to be involved in direct CNS infec-
tion as well as para-infectious complications [113]. Recent 
studies reported that over a third of infected patients devel-
oped a broad spectrum of neurological symptoms affecting 
central nervous system (CNS), peripheral nervous system 
(PNS) and skeletal muscles [114, 115]. In each case, it has 
to be noted that the challenge lies in discriminating between 
causal relationship and incidental comorbidity [116].

A large retrospective observational study from China 
showed that among 214 hospitalized patients with confirmed 
SARS-CoV-2 infection, 36.4% had neurological manifes-
tations [114]. Most neurological symptoms occurred early 
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during the first days after hospital admission. With regard 
to symptom category, 24.8% of infected patients presented 
symptoms from CNS, 8.9% from PNS and 10.7% developed 
skeletal muscle injury. The most common CNS symptoms 
were dizziness (16.8%) and headache (13.1%), and the most 
commonly reported symptoms involving PNS were taste 
impairment (5.6%) and anosmia (5.1%). Other less fre-
quent symptoms included impaired consciousness (7.5%), 
acute cerebrovascular disease (2.8%), ataxia (0.5%), seizure 
(0.5%), vision impairment (1.4%) and nerve pain (2.7%). 
Notably among severely infected patients the prevalence 
of neurological manifestation was even higher, up to 45% 
compared to patients with less severe disease (30.2%). The 
correlation of disease severity with neurological symptoms 
was confirmed by another retrospective study from France, 
reporting a prevalence of 84% of neurological manifestations 
in 58 hospitalized patients with acute respiratory distress 
syndrome (ARDS) due to COVID-19 [115]. Of note, some 
of the reported symptoms such as inattention, disorientation 
and movement disorders persisted even after discharge.

Several mechanisms that may overlap have been proposed 
to explain the link between SARS-CoV-2 infection and nerv-
ous system injury [117]. Clinical manifestations of COVID-
19 might be a consequence of the viral infection per se and/
or the adverse insult of the hyperinflammatory status and 
dysregulated metabolic function, in combination with the 
multiple organ damage observed in patients after COVID-
19 infection [113, 118]. Direct viral damage of nervous tis-
sue might be possible in different ways. As with SARS and 
MERS viruses, SARS-COV-2 may enter the CNS through 
the hematogenous or retrograde neuronal route. Infection 
of olfactory neurons in the nose may enable the virus to 
enter the brain transneuronally and spread directly from the 
respiratory tract to the brain [118].

ACE2 receptors are also found in the nervous system and 
skeletal muscles [119, 120]. The expression and distribution 
of ACE2 in brain and endothelial cells may explain how 
SARS-CoV-2 may cause direct neurological symptoms and 
skeletal muscle damage. Direct viral damage of nervous tis-
sue resembling in some ways herpes simplex encephalitis 
might be also possible, although there is no definite evidence 
of direct injury of CNS by SARS-CoV-2 virus. The exces-
sive immune response which results in a hyperinflammatory 
status and cytokine storm may represent another alterna-
tive mechanism. Cytokines can directly pass through the 
blood–brain barrier causing considerable damage such as 
acute necrotizing encephalopathy [121]. An indirect injury 
related to host immune response effects after acute corona-
virus infection could also be possible, explaining to some 
extent the occurrence of Guillain-Barré syndrome (GBS) 
cases, transverse myelitis or acute disseminated encepha-
lomyelitis in patients with COVID-19 and other virus epi-
demics [113, 122, 123]. Neurological symptoms caused by 

systemic illness especially in severely ill patients could also 
justify neurological manifestations of COVID-19 infection 
[114]. Patients admitted to intensive care unit (ICU) often 
develop encephalopathy, myopathy, autonomic neuropathy 
and polyneuromyopathy related to critical illness [124].

Cerebrovascular disease represents another mechanism 
explaining neurological signs and symptoms in COVID-19 
patients, although the rate of acute stroke admissions has 
been significantly reduced over the COVID-19 pandemic 
[125]. A large retrospective study from China reported a rate 
of 5.4% for both haemorrhagic and ischaemic strokes among 
critically ill patients [114]. A recent study reported a rate of 
0.9% imaging proven ischaemic stroke among 3556 hospital-
ized patients [126], stressing that cerebrovascular events may 
have been underestimated in intubated and sedated patients 
with severe COVID-19. In a recent study based on data from 
the Global COVID-19 Stroke Registry, it was shown that 
patients with stroke and concurrent COVID-19 infection 
had a higher risk of severe disability (P < 0.001) and death 
(odds ratio 4.3, 95% CI 2.22–8.30) compared with patients 
without COVID-19 [127]. Severe SARS-CoV-2 infection is 
a hypercoagulable state and may predispose to both venous 
and arterial thromboembolic events. Systemic inflammatory 
response triggers autoimmune mechanisms, leading to dys-
regulation of the coagulation cascade as reflected by elevated 
D-dimers, prolonged prothrombin time, high fibrinogen 
levels, low anti-thrombin levels, thrombocytopenia and dif-
fuse intravascular coagulation in severely ill patients with 
COVID-19 [83, 106, 128]. Imbalance between procoagulant 
and anticoagulant homeostatic mechanisms may result in 
endothelial damage, microvascular thrombosis and vessel 
occlusion. In addition, cardiac dysregulation and cardiac 
arrhythmias/dysrhythmias attributed to excessive inflamma-
tion and to respiratory failure, may lead to cardiac strain and 
myocardial injury/dysfunction facilitating cardioembolism. 
Among COVID-19 patients who suffered a stroke, the rate 
of cryptogenic and embolic strokes was higher, and events 
were more severe and affected younger patients [126, 129]. 
Finally, blood pressure alterations, hypotension or hyperten-
sion, may lead to impaired cerebral perfusion and cerebro-
vascular events.

Anosmia and ageusia

Although not highlighted in the initial cohort studies, olfac-
tory (OD) and gustatory (GD) sense dysfunctions have 
been reported as common symptoms of COVID-19 from 
several centres worldwide. Prevalence of smell and taste 
disturbances varies considerably depending mainly on the 
assessment criteria and tools used and on the degree of sense 
dysfunction.

In a recent multicentre European study [130], it was 
shown that patients with mild-to-moderate forms of 
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COVID19 present commonly with OD (anosmia or hypos-
mia) and GD (hypogeusia or ageusia), (86% and 88%, 
respectively), even without nasal symptoms. Women were 
more likely to be affected, and there was an early olfac-
tory recovery rate of 44%, while symptoms could last even 
14 days after the resolution of symptoms. Another study 
reported a high prevalence of OD (61%) in COVID-19 
patients, with an early and severe occurrence and a high 
correlation with loss of taste. OD was still found more 
prevalent in women, but also in younger patients, while 
there was an association with shortness of breath [131]. 
A pilot quantitative study has also shown that a moderate 
olfactory dysfunction is present in approximately three-
quarters of hospitalized COVID-19 patients using an 
objective smelling identification test [132]. A multicen-
tre prospective study demonstrated an under-reporting of 
OD and GD manifestations in patients with more severe 
COVID19 disease neglecting their symptomatology. These 
findings confirm that OD and GD are not predictors of a 
milder disease but are also markedly present in COVID19 
severe infection [133].

The American Academy of Otolaryngology—Head and 
Neck Surgery and the British Association of Otorhinolar-
yngology suggested that anosmia–hyposmia and hypogeu-
sia–ageusia should be considered as “significant symptoms” 
even in the absence of other nasal manifestations (rhinor-
rhea or nasal congestion), which should be used as potential 
markers of otherwise asymptomatic carriers of COVID-19 
infection (i.e. as a screening tool). In particular, the sud-
den onset of olfactory dysfunction could represent an early 
indicator of COVID-19 infection [134]. These findings make 
clear that clinicians should take into account self-reporting 
OD and GD symptomatology and incorporate in their assess-
ment, the evaluation of the olfactory nerve function [135].

Despite the lack of a clear pathogenetic mechanism 
explaining OD and GD manifestations in COVID19 patients, 
it seems that there is a specific viral neuroinvasivity and neu-
tropism via the olfactory nerves spreading rapidly to other 
brain structures such as the thalamus and the brainstem, but 
also possibly to the temporal lobe, the amygdala, insula, 
limbic lobe (psycho sensorial syndrome) [88]. Neurotropism 
may also occur via circulation and/or an upper transnasal 
route COVID-19 to reach the brain tissue, where COVID-
19 spike protein binds angiotensin-converting enzyme 2 
(ACE2) receptors [136]. Interestingly, the presence of ACE-
2, in host olfactory and gustatory pathways, might provide 
a potential explanatory mechanism for the smell and taste 
disorders in COVID-19 patients. The expression level of 
ACE2 in different tissues and in particular neural cells might 
be also important in viral neurotropism differences between 
patients from different geographic regions. Thus, the dif-
ferential ACE2 expression could give an explanation of the 
higher prevalence of OD and GD observed in European 

compared to Asian population [114]; however, more stud-
ies are needed to confirm such hypothesis.

Kidney involvement

In the kidney, ACE2 is present in several cells such as 
podocytes, mesangial cells, epithelium of the Bowman’s 
capsule, proximal cells brush border and collecting ducts 
[119]. The most frequent abnormality in patients with 
COVID-19 is mild-to-moderate proteinuria which is medi-
ated via several mechanisms [137]. It has been reported 
that patients in the ICU have higher levels of IL-1β, 
IL-8, IFN-γ and TNF-α [40]. This suggests a potential 
role of cytokine release syndrome (CRS), also known as 
“cytokine storm” comparable with sepsis-associated AKI 
(SA-AKI), where the uncontrolled systemic inflammatory 
response leads to kidney injury [40]. Other studies have 
confirmed tropism to monocytes as well as lymphocytes, 
where the virus induces proinflammatory responses and 
cell death [138]. In addition, alterations in renal haemo-
dynamics can induce further dysfunction [139]. Acute 
kidney injury (AKI) is infrequent in patients with mild-
to-moderate disease (5%). In this patient subgroup, the 
abnormalities are mainly subclinical. A recent prospec-
tive study, which included 701 patients with moderate or 
severe disease, demonstrated that 43.9% presented with 
proteinuria and 26.7% with haematuria at hospital admis-
sion. Thirteen percentage revealed elevated levels of either 
serum creatinine (SCr), blood urea nitrogen (BUN) or 
both. AKI occurred in 5.1% of hospitalized patients. All 
these abnormalities conferred for higher death risk [140]. 
Another recent report showed that AKI was more common 
in critically ill patients. In 52 critically ill patients who 
were admitted to an intensive care unit (ICU) in Wuhan, 
AKI was the most common extra-pulmonary complica-
tion, occurring in 15 patients (29%). Eight patients (25%) 
required continuous renal replacement therapy, and 12 
(80%) died with a median duration from admission to 
ICU until death of 7 days [51]. In another study previ-
ously described, a in silico analysis of publicly available 
data sets of single-cell RNA sequencing was performed. 
This analysis showed that RNA for angiotensin-convert-
ing enzyme 2 (ACE2), transmembrane serine protease 2 
(TMPRSS2) and cathepsin L (CTSL) is enriched in several 
kidney cells. This enrichment may explain the relevant 
affinity that induces SARS-CoV-2 kidney injury [3]. Fol-
lowing that, tissue microdissection was applied on 6 kid-
neys biopsied to define SARS-CoV-2 viral load in exact 
kidney compartments. Three patients revealed detectable 
SARS-CoV-2 viral load in all compartments examined, 
mainly at the glomerular cells. These extremely interesting 
findings indicate that renal tropism is the obvious reason 
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leading to kidney injury, even in the absence of severe 
disease. These data indicate that kidney abnormalities are 
common and are associated with worse clinical outcomes. 
Kidney autopsies of SARS-CoV patients have also dem-
onstrated that the virus was present in tubular epithelial 
cells [141].

Skin manifestations

A number of case reports on skin complications observed 
in patients with COVID-19 have been published. Skin 
abnormalities are seen in up to 20% of COVID-19 
patients in some series and are very heterogenous rang-
ing from urticarial, vesicular, purpuric to papulosquamous 
lesions. It is, however, not clear currently whether these 
skin manifestations are caused directly by the virus inva-
sion or secondary to host immune response or treatment 
administration. Purpuric eruptions, livedo reticularis or 
retiform purpura could be part of the manifestations of the 
vasculopathy associated with COVID-19 infection [142]. 
The nature of the association between COVID-19 and skin 
lesions and the systemic implications of their presence 
remains to be determined and requires active input and 
effort from dermatologists [143–146].

Endocrine abnormalities

Knocking down the host’s response to cortisol stress is a 
strategy employed by many viruses, including SARS-CoV 
to evade the host immune system. SARS-CoV expresses 
key amino acids that act as molecular mimics to the host 
adrenocorticotropic hormone (ACTH) directing antibodies 
to these ACTH residues implying a relative cortisol insuf-
ficiency. Data on serum cortisol levels in SARS-CoV-2 
patients are scarce to date. A recent study among patients 
with no signs of adrenal insufficiency showed that high 
cortisol levels at presentation may reflect systemic disease 
severity and have associated with dismal survival among 
patients with severe COVID-19 [101]. Autopsy studies 
from SARS-CoV viral infection have demonstrated degen-
eration and necrosis of the adrenal gland, and the virus 
has been identified in the glands themselves pointing to 
the likelihood that cortisol dynamics are altered in SARS 
patients. The hypothalamic–pituitary–adrenal (HPA) axis 
might also be affected by SARS viruses on the ground of 
a reversible hypophysitis or direct hypothalamic damage. 
ACE2 is expressed on both hypothalamic and pituitary 
tissues explaining a possible viral tropism. A prospec-
tive study (ChiCTR20000301150) is currently evaluating 

serum cortisol and ACTH levels in COVID-19 patients 
[147–149].

Opthalmological complications

In animals, coronaviruses have been known to cause ocular 
manifestations including conjunctivitis, uveitis, retinitis and 
even optic neuritis [150]. In humans, the eye conjunctiva 
is considered to be a potential site for SARS-CoV-2 trans-
mission [151], but currently there is no direct evidence to 
support that viral replication can cause injury and inflam-
mation of the conjunctiva or other eye parts. Among 38 
COVID-19 infected patients, in the Hubei province case 
report series, 12 had ocular manifestations (31.6%). These 
were more common among patients with more severe sys-
temic disease presentation (respiratory mostly) and blood 
test abnormalities. They included conjunctival congestion, 
chemosis or epiphora [152]. A recent protocol used optical 
coherence tomography to evaluate the retina of patients with 
COVID-19 infection in 12 adults. Hyper-reflective lesions of 
the inner plexiform layers and the ganglion cells were seen 
in all patients, and cotton wool spots and microhemorrhages 
in the retinal arcade of 4 patients with no effect on visual 
acuity or pupillary reflexes [153]. Increasingly emerging 
data will allow better understanding of the nature and the 
mechanisms underlying the ocular manifestations associated 
with SARS-CoV-2.

Concluding remarks

COVID-19 probably represents the greatest pandemic event 
in modern human history. The disease presents with a broad 
spectrum of clinical signs and symptoms with involvement 
of vital organs such as the lungs, the heart, the gastrointes-
tinal tract, the liver, the central nervous system, the blood 
and the kidneys. Commonly, multisystemic involvement is 
associated with severe disease and might predict worse clini-
cal outcomes and increased mortality. The main mechanism 
described is the high binding affinity of the virus with the 
ACE2 receptors that are widely expressed in most human 
cells. The exact role of ACE2 receptors in COVID-19 patho-
physiology is part of ongoing investigations. Furthermore, 
the role of the infection on dysregulation of ACE2 receptors 
expression, whether treatment with ARBs and ACEs modi-
fies this expression and whether patients with comorbidities 
and chronic illnesses have higher expression of ACE2 recep-
tors and are therefore more vulnerable to infection are also 
questions that need to be addressed in the near future. The 
SARS-CoV-2 virus enters the body through the respiratory 
tract and infects the epithelial cells of the trachea, bronchi, 
bronchioles and finally the lungs. It then infects the host, and 
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infiltrating and circulating immune cells transfer the virus 
to other organs. Moreover, the blood-borne SARS virus 
infects other organs as well. Immunosuppressed patients, 
including the elderly and patients with chronic disease, 
experience more severe disease with increased mortal-
ity rates. The extent of immune cell damage, represented 
by the lymphocyte count, is considered a strong predictor 
of outcome and reflects the immune status of the patient. 
This multisystemic disease is associated with high mortal-
ity rates; mechanical ventilation, extracorporeal membrane 
oxygenation, antivirals and plasma infusion are currently 
being applied to reduce mortality, but none is a curative 
intervention. Although systematic treatments are currently 
at the forefront of clinical research, organ-specific treatment 
strategies should be also evaluated in order to optimize the 
management of patients with severe organ dysfunction. Sev-
eral clinical trials are ongoing to evaluate the safety and 
effectiveness of both novel and pre-existing antiviral drugs, 
but the ability to vaccinate people will require unfortunately 
more time. The unpredictable trajectory of this unexpected 
pandemic requires careful surveillance, customized health 
strategies, control measures implementation, novel legal 
and bioethical framework, and specific medical guidelines 
to guide our decisions.
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