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Summary. COVID-19 is an infectious disease caused by the SARS-CoV-2 virus. Most people with COV-
ID-19 have a mild to moderate respiratory illness; others experience severe illness, such as COVID-19 pneu-
monia. The first and most accessible diagnostic information is from symptoms and signs from clinical ex-
amination. Infected patients present with a variety of manifestations. Formal diagnosis requires laboratory 
analysis of nose and throat samples, or imaging tests like CT scans. Emerging data suggest that coronavirus 
disease 2019 (COVID-19) has extrapulmonary manifestations. Sometimes these extra-respiratory manifesta-
tions may be the initial or only symptom of COVID-19, prior to fever or respiratory manifestations. In sum-
mary, our concise review shows that there is a wide range of symptoms that can be presented by COVID-19 
patients. Extra-respiratory manifestations of SARS-CoV-2 infection have recently been observed in the rap-
idly increasing number of COVID-19 cases. Considering the broad spectrum of clinical manifestations and 
the increasing worldwide burden of the disease, there is an urgent need to rapidly scale up the diagnostic 
capacity to detect COVID-19 and its complications. (www.actabiomedica.it)
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Background

Coronavirus disease 2019 (COVID-19), caused 
by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), has become a global health threat, 
infecting 27, 150, 797 cases 1, 844, 863 people and 
resulting in 889,  256 deaths 117, 021 deaths at the 
time of the last writing (September 7th, 2020). This 
new type of respiratory illness is characterized by rapid 
human-to-human transmission, having achieved pan-
demic spread (1). There are currently no therapeutics 
or vaccines available and no pre-existing immunity in 
the population. 

Because COVID-19 is a new disease, our aware-
ness and knowledge are gradually increasing based on 
ongoing research findings and clinical practice expe-
rience. A significant amount of collective work has 

been done to understand the prevention and treatment 
strategies of COVID-19. The disease has posed un-
paralleled challenges for health care communities, the 
general population, and in particular, for patients suf-
fering from chronic diseases (such as: thalassemia and 
sickle cell disease) (2). 

A wealth of data has been generated since its 
emergence in December 2019, and it is vital for clini-
cians to keep up with this data from across the world 
at a time of uncertainty and constantly evolving guide-
lines and clinical practice. Increasing knowledge about 
COVID-19 literature will aid in earlier recognition 
and more effective therapy. 

Here, we provide a brief overview of recent 
knowledge, mainly focused on extrapulmonary 
manifestations reported in the literature in adult 
patients. 
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Search strategy

A systematic English-language literature search 
was carried out, from 1 January 2019 to 31 August 
2020, using the main online databases (PubMed, 
Google Scholar, and MEDLINE) with the following 
keywords: ‘COVID-19’, ‘2019-nCoV’, ‘coronavirus’ 
and extrapulmonary manifestations. In addition, the 
references contained in the downloaded documents 
were examined for other sources of information that 
would be pertinent to our review. The literature search 
was updated until September 2020.

Structure of SARS-CoV-2 

SARS-CoV-2 is an enveloped, positive-sense 
single-stranded RNA virus, from beta-coronavirus 
genera of coronaviridae family responsible for the 2019 
coronavirus disease (COVID-19) pandemic. SARS-
CoV-2 contains 29891 nucleotides encoding 9889 
amino acids and four structural proteins, namely spike 
(S), envelope (E), membrane (M), and nucleocapsid 
(N) proteins of which S protein mediates the viral en-
try into host cells (Figure 1). The spikes (S) and the 
nucleocapsid (N) are the main proteins (antigens) 
which trigger an antibody response in humans. SARS-
CoV-2 also contains a variable number of open read-
ing frames (ORF), and these encode16 non-structural 
proteins, the remaining ORFs encode structural pro-
teins (3-5). 

SARS-CoV-2 and influenza primarily affect the 
respiratory system. SARS-CoV-2 gains access to the 
host cells using its surface spike (S) protein to bind 
human angiotensin-converting enzyme 2 receptor on 
host cells. The viral entry triggers a host immune re-
sponse with a massive release of cytokines thought to 
be responsible for organ dysfunctions (6).

Pathophysiology 

The pathogenesis of COVID-19 is largely un-
known, but it may mimic SARS to some extent. 
SARS-CoV-2 attacks the alveolar epithelial cells 
via angiotensin-converting enzyme 2 (ACE2) via 

S-protein. ACE-2 is found on apical membranes of 
nasal, oral, nasopharyngeal and oropharyngeal mu-
cosal epithelium, alveolar epithelium, endothelial cells 
of blood vessels and heart, kidneys, testes, brain, intes-
tine, and colon, and liver (7,8). 

ACE-2 has been proven to be a major receptor for 
SARS-CoV-2 and could mediate virus entry into cells. 
And transmembrane protease serine 2 (TMPRSS2) 
could cleave the spike (S) protein of SARS-CoV-2, 
which facilitates the fusion of SARS-CoV-2 and cel-
lular membranes. The mRNA expressions of both 
ACE2 and TMPRSS2 were observed in the heart, 
digestive tract, liver, kidney, brain and other organs. 
SARS-CoV-2 may have a capacity to infect extrapul-
monary organs due to the expressions of ACE2 and 
TMPRSS2 in the cells and tissues of these organs (9) 
(Figure 1).

Spike proteins on the exterior of SARS-CoV- 2 
anchor the virus to ACE-2 receptors on cells in the 
lower respiratory tract leading to endothelial and mi-
crovascular dysfunction, alveolar exudative inflamma-
tion, interstitial inflammation and fibrosis, and focal 
bleeding which causes severe respiratory manifestation 
of the disease (7).

ACE-2 is a counter-regulatory enzyme of renin-
angiotensin-system which acts by converting angio-
tensin-2 to Ang- 1–7 form. In healthy state, ACE-2 
activity maintains homeostasis between angiotensin-2 
(vasoconstriction, inflammation, fibrosis and prolif-
eration) and Ang-1–7 pathways (vasodilatation, anti-
apoptotic, anti-fibrosis, and anti-proliferation). After 
entering pneumocytes, SARS-CoV-2 downregulates 
ACE-2 expression, decreasing angiotensin-2 metabo-
lism. Elevated angiotensin-2 increases pulmonary vas-
cular permeability and inflammation, hence worsening 
of lung injur. Angiotensin-2 levels have been found 
to be increased in COVID-19 patients compared to 
healthy adults (7-9).

Routes of transmission and period of incubation

The disease is said to be transmitted through 
droplets from human saliva, eyes, and nose. A recent 
study found that SARS-CoV-2 lasts in aerosols for up 
to 3 hours and remains detectable for up to 72 hours 
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on plastic and stainless-steel surfaces, 24 hours on 
cardboard, and 4 hours on copper. Fecal-oral transmis-
sion may also be possible but has not been verified to 
be clinically important (10,11). 

Individuals of any age are susceptible to infection, 
including neonates and pregnant women. 

The mean incubation period of SARS-CoV-2 is 
estimated to be 3–7 days (range, 2–14 days) (12). 

This period is dependent on the age of the pa-
tient and status of the patient’s immune system. It was 
shorter among patients >70-years old compared with 
those under the age of 70 years. Figure 2 illustrates the 
immune response to viral infection. The SARS-CoV-2 
virus persists in fecal samples for an average of 27 days, 
which is 10 days longer than its persistence in respira-
tory tract samples (13).

TMPRSS2 Spike protein and S1
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Entry
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RNA
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ACE2 and TMPRSS 2 are expressed in the brain, heart, hepatocytes and cholangiocytes, kidney, 
intestinal epithelial cells, nose, testis, pancreas, breast, prostate and thyroid.

Figure 1. Structure of SARS-CoV-2. (A) There are four structural proteins as follows: spike (S) surface glycoprotein; membrane (M) 
protein; nucleocapsid (N) protein and envelope (E) protein. SARS-CoV-2 infected the host cells by the spike protein of the virus and 
the functions of ACE2 and TMPRSS2 in host cells.

Figure 2. The immune response to viral infection [From: 
WHO. COVID-19 immunity and clinical manifestations. 
CORONAVIRUS (COVID-19) UPDATE NO. 24. May 1st, 
2020]
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Clinical features and Risk factors

It has been proposed that COVID-19 progresses 
through several stages in its disease course. The first 
stage is viral infection during which constitutional 
symptoms, such as fever and cough, predominate. The 
second stage is characterized by direct viral cytotoxic ef-
fects, particular those in the respiratory tract, leading 
to respiratory failure and potentially acute respiratory 
distress syndrome. The third and final stage is thought 
to be mediated by a hyperinflammatory response to 
the virus causing systemic effects (14).

The symptoms of SARS-CoV-2 infection seem to 
be non-specific, as far as clinical manifestations are be-
ing concerned. They may be very similar to influenza 
(Table 1). Gastrointestinal symptoms such as nausea 
and vomiting (5%) and diarrhoea (3.8%) are relatively 
uncommon (10,12).

The symptoms of COVID-19 initially begin with 
symptoms of fatigue, low-grade intermittent fever of 
prolonged duration, myalgia, dry cough and shortness 
of breath, which then either improves with early iden-
tification and conservative management or worsens 
and progresses to dyspnoea and productive cough. The 
median duration of fever was 12 days (8–13 days) and 
cough persisted for 19 days (12–23 days) in survivors. 
The median time to onset of dyspnoea from various 
cohorts was found to be 6 days following exposure. Se-
rious cases can progress rapidly into acute respiratory 
distress syndrome (ARDS), septic shock, refractory 

Table 1. Common signs and symptoms of SARS-CoV-2 in-
fected patients from four reports ( From: Zheng J et al. SARS-
CoV-2: an Emerging Coronavirus that Causes a Global Threat. 
Int J Biol Sci. 2020;16:1678-1685, modified)

metabolic acidosis, coagulation dysfunction and others 
such as acute kidney injury (AKI), acute cardiac injury 
(arrhythmias, heart failure, MI) (15,16). Complica-
tions developed at a median of 9-17 days. 

Given the wide clinical spectrum of COVID-19, 
a key challenge faced by frontline clinical staff is prior-
itisation of stretched resources. The clinical criteria for 
assessing the severity of COVID-19 are reported in 
Table 2. Furthermore, several evidences suggest that 
severe disease is more likely to take hold in individuals 
of older age, male sex, and in those with underlying co-
morbidities, such as: diabetes, chronic obstructive pul-
monary disease (COPD), hypertension, obesity (17).

To explore the clinical and laboratory risk factors 
associated with disease severity, an univariate and mul-
tivariate logistic regression models was used by Liu et 
al. (18). In the univariate analysis, hypertension, lym-
phopenia, elevated neutrophil count, lactate dehydro-
genase (LDH), C-reactive protein (CRP), and symp-
toms such as dyspnea, fatigue, and anorexia/lethargy 
were all associated with severe cases. In the multivari-
able logistic regression model, the Authors included 
90 patients (56 pneumonia and 34 severe pneumonia). 
Hypertension, increased CRP and lymphocyte count 
as independent were identified as predictors of severe 
pneumonia.

Relationship between the ABO Blood Group and 
the COVID-19 Susceptibility published.

Table 2. Criteria for assessing the severity of COVID-19
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Blood group A was associated with a higher risk 
for acquiring COVID-19 compared with non-A blood 
groups, whereas blood group O was associated with 
a lower risk for the infection compared with non-O 
blood groups (19).

Laboratorial findings

Lymphopenia is a common finding in patients 
with COVID-19 infection, and is believed to repre-
sent a defective immune response to the virus (20). 

Leukocytosis, is noted in a minority of COV-
ID-19 infected patients and appears to herald bacte-
rial infection or superinfection while neutrophilia is 
an expression of the cytokine storm and hyperinflam-
matory state which have an important pathogenetic 
role in COVID-19. Neutrophilia may also indicate 
superimposed bacterial infection (20). Neutrophil/
lymphocyte ratio and peak platelet/lymphocyte ratio 
may also have prognostic value in determining severe 
cases (20,21). 

Thrombocytopenia is an important indicator of 
severe disease in COVID-19 patients as well as D-di-
mer increases and progressive decrease of lymphocytes 
in peripheral blood. In quite a few patients, increase 

of liver enzymes, muscle enzymes, and myoglobin are 
observed (20,21). 

Association of Autoimmune Haemolytic Anae-
mia (AHA) with COVID-19 infection has been rarely 
reported (22).

On initial presentation a majority of COVID-19 
patients have procalcitonin levels in the normal range 
(20,22). Elevated procalcitonin levels may be seen 
in sepsis and are particularly associated with septic 
shock and organ dysfunction requiring intervention. 
Prothrombin time (PT), an assay used to evaluate the 
extrinsic and common coagulation pathways, and D-
dimer are useful indicators of prognosis and severity of 
disease in COVID-19 (22).

Severely ill patients may have high levels of cy-
tokine IL6 (>7.4 pg/mL), and tumor necrosis factor 
(TNF). Increased ferritin level (>300 μg/L) is an indi-
cator of the imminent cytokine storm (20,21). 

Early recognition of these parameters may be use-
ful to predict the disease severity, to guide the therapy, 
and improve the patients’ clinical outcome (Table 3).

The three complete blood count findings of poor 
prognosis are: leukocytosis, thrombocytopenia, and 
lymphocytopenia. Whether poor prognosis is associ-
ated with lymphocytopenia below the reference inter-
val or absolute count is unclear.

Table 3. Hematologic and laboratory findings in patients with mild/moderate SARS-CoV- 2 infection [Mean value and range 
(%) from 10 differente studies]

Parameter Clinical significance Mild/moderate cases (%)

Lymphopenia (<1.5 × 109/L) Defective host response 47- 54%

Leukocytosis ( >10×109/L) Bacteria superinfection 19–30% 

Neutrophilia Bacterial superinfection, cytokine storm 1.4 %

Thrombocytopenia (<100 x 10 9/L) Consumptive coagulopathy 4%

Elevated CRP Severe viral infection, including viremia 45.5-56.4%

Elevated procalcitonin (≥0.25 to <0.5 ng/mL) Bacterial superinfection 7%

Elevated LDH (>245 U/L) Pulmonary injury/ multiorgan damage 63%

Prolonged prothrombin time (> 16 s) Consumptive coagulopathy 1.7%

Prolonged APTT (>37.0 s) Consumptive coagulopathy 9.6%

Elevated D-dimer (>1 μg/L) and/or FDP Consumptive coagulopathy 6%,

Legend: Abbreviations = CRP- C reactive protein; LDH – lactate dehydrogenase; APTT-activated partial thromboplastin time; 
FDP- fibrin degradation product.
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Differential diagnosis

On the basis of currently available data, neither 
absence nor presence of signs or symptoms are accu-
rate enough to rule in or rule out COVID-19 disease. 
Signs of SARS-CoV-2 infection overlap with other 
viral infections (viral respiratory illnesses, respira-
tory syncytial virus, influenza, parainfluenza, adeno-
virus, and metapneumovirus) and bacterial pneumo-
nia (streptococci, mycoplasma, chlamydia, legionella) 
that makes the clinical and radiological diagnosis very 
tricky (9, 12,15). Therefore, in the current epidemic 
time, when we face an inpatient with fever and/or new 
onset cough, with or without associated dyspnoea, 
all efforts should be directed at ruling out aetiologies 
other than SARS-CoV-2 through history, physical ex-
amination and routine laboratory tests. In Table 4 is 
reported the frequency of symptoms in COVID-19, 
flu and common cold.

Influenza globally affects 5-10% of adults and 20-
30% of children annually with most cases occurring 
during the winter months in the northern (November 
to April) and southern hemispheres (April to Septem-
ber) with no seasonal pattern in the tropical regions 
(23,24). Influenza-related respiratory diseases are 

Table 4. Frequency of symptoms in COVID-19, flu and com-
mon cold [From: WHO. COVID-19 immunity and clinical 
manifestations. CORONAVIRUS (COVID-19) UPDATE 
NO. 24. May 1st, 2020]

responsible annually for an estimated 650,000 deaths 
globally (25).

Confirmation of COVID-19 diagnosis

Confirmation of coronavirus disease 2019 is by 
reverse transcriptase-polymerized chain reaction from 
upper airway swabs. A nucleic acid test (RT-PCR test) 
is currently accepted as the gold standard method to 
confirm diagnosis. RT-PCR testing is done on naso-
pharyngeal swabs. The period and type of specimen 
collected for RT-PCR play an important role in the 
diagnosis of COVID-19. In most individuals with 
symptomatic COVID-19 infection, viral RNA in the 
nasopharyngeal swab becomes detectable as early as 
day 1 of symptoms and peaks within the first week 
of symptom onset. The positivity decline by week 3 
and subsequently becomes undetectable. In most stud-
ies of respiratory virus infections, serial sampling of 
nasopharyngeal or throat swabs is used for viral load 
monitoring (26). 

Kucirka et al. (27) showed that the rate of false-
negative RT-PCR results is highly dependent on the 
timing of nasopharyngeal sampling is being done: the 
false negative rate was 100% at 4 days before symptom 
onset and decreased to 20% 3 days after symptom on-
set. Another study found a false negative rate of 16.7% 
for RT-PCR in patients with a clinical suspicion of 
COVID-19 at initial clinical presentation (28). Rea-
sons for such false-negative RT-PCR can be a viral 
load below the lower limit of detection of the em-
ployed assay, improper sampling of the nasopharyn-
geal swab, or decreased viral shedding at the anatomic 
sampling site (29). A potential cause of a lower speci-
ficity could be contamination with RNA from sources 
other than the patient under investigation during the 
testing process.

When the RT-PCR test result is negative in sus-
pect cases, chest imaging should be considered. The 
standard image diagnosis tests for pneumonia are chest 
X-ray (CXR) and computed tomography (CT) scan. 
The CXR is the primary radiographic exam to evaluate 
pneumonia, but it is not as precise as the CT scan and 
has higher misdiagnosis rates. Nevertheless, the CXR 
is still useful because it is cheaper, faster, expose the 
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patient to less radiation and is more widespread than 
CT scan (30,31)

Chest CT is highly recommended as the preferred 
imaging diagnosis method for COVID-19 due to its 
high density and high spatial resolution. The common 
CT manifestation of COVID-19 includes multiple 
segmental ground glass opacities (GGOs) distributed 
dominantly in extrapulmonary/ subpleural zones and 
along broncho-vascular bundles with crazy paving sign 
and interlobular septal thickening and consolidation. 
Pleural effusion or mediastinal lymphadenopathy is 
rarely seen (17,32,33). 

Other viral pneumonia manifest generally diffuse 
large patches of GGOs in both lungs with thickening 
of interlobular septum, which makes it hard to differ-
entiate them from COVID-19 pneumonia in images 
and clinically. COVID-19 ground-glass opacities are 
usually peripherally located with the lower lobes being 
commonly involved, while influenza has a central, pe-
ripheral, or random distribution usually affecting the 
five lobes (17,34) (Table 5).

Ultrasonography (US) has been employed in the 
detection of interstitial disorders, consolidation, and 
effusions (35). US is also a useful tool to support the 
ventilated patient in terms of assessing diaphragm mo-
bility and supporting recruitment maneuvers (36).

Extrapulmonary manifestations

Although COVID-19 is well known to cause res-
piratory pathology, it can also result in several extrapul-
monary manifestations of gastrointestinal system, car-
diovascular system, liver, and kidneys (Figure 3). Key 
mechanisms that may have a role in the pathophysiol-
ogy of multi-organ injury secondary to SARS-CoV-2 

Table 5. Imaging characteristics of common causes of pneumonia similar to COVID-19 pneumonia (From: Li B et al. Diagnostic 
value and key features of computed tomography in Coronavirus Disease 2019. Emerg Microbes Infect. 2020;9:787-793; modified)

Diseases High-risk groups CT imaging findings

COVID-19 Elderly people; People 
with comorbidities

Early stage: GGOs, Progressive stage: multiple GGOs, consolidation 
patches, crazy-pavement pattern

Advanced stage: diffuse exudative lesions, white-out lung 

Influenza pneumonia Elderly people; Children 
under 5 years old

Small patch GGOs and consolidation with subpleural and or 
peribronchial distribution. Bilateral reticulonodular areas of opacity.

Mycoplasmal pneumonia Children, adolescents 
and young adults

 Interstitial infiltration or consolidations of segments or lobes manifested 
by patchy or fan-shaped infiltration.

 Thickening of the bronchial wall, centrilobular nodules, consolidations 
distributed along lobes, segments or subsegments of the lung, and 
enlargement of mediastinal lymph nodes. 

Bacterial pneumonia All ages 
Bronchial or lobar pneumonia, bronchial wall thickening, multiple 
consolidation patches and centrilobular nodules

Legend: GGO: ground-glass opacity.

Figure 3. Extrapulmonary manifestations of COVID-19 
(From: Aakriti Gupta et al. Nature Medicine. 2020;26:1017–
1032; www.nature.com/naturemedicine, modified)
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infection include direct viral toxicity, endothelial cell 
damage and thromboinflammation, deregulation of 
the immune response, and deregulation of the renin–
angiotensin–aldosterone system (RAAS) (37,38).

1. Dermatologic manifestations

Skin manifestations are seen in up to 20% of 
COVID-19 patients and are very heterogeneous. To 
date, reports have identified 5 main category of skin 
manifestations: acral lesions, vesicular rashes, urti-
carial rashes, maculopapular rashes, and livedoid and 
necrotic lesions. The presentation may vary in differ-
ent population groups and are based on severity of 
disease.

The predominant places of dermatologic mani-
festations are the torso and body’s extremities and the 
latency period of the cutaneous symptoms vary from 
1 to 30 days. However, some of them may emerge be-
fore the onset of COVID manifestations. The lesions’ 
progressive disappearance vary from four days to three 
weeks (39-41).

Cutaneous manifestations associated with COV-
ID-19 probably reflect the activation of pathogenic 
pathways by the virus or a response to inflammatory 
processes, vascular or systemic complications, or even 
treatments (39-41).

A severe multisystem inflammatory syndrome as-
sociated with Kawasaki disease manifestations (MIS-
C) has been recently reported in children with signs of 
recent infection with SARS-CoV-2. However. clini-
cians caring for adult patients must be aware that not 
only children but also young adults can be affected by a 
multisystem inflammatory syndrome with Kawasaki’s 
disease features associated with COVID-19 (42).

2. Cardiovascular manifestations

COVID-19 can be complicated by cardiac ar-
rhythmias or clinical heart failure with or without 
associated hemodynamic instability, including shock 
(43). These cardiac complications can occur precipi-
tously at any point during hospitalization and are 

increasingly being described as a late complication that 
can occur after improvements in a patient’s respiratory 
status (44,45). 

The cardiac manifestations of COVID-19 might 
be related to the adrenergic drive, systemic inflamma-
tory milieu and cytokine-release syndrome caused by 
SARS-CoV-2, direct viral infection of myocardial and 
endothelial cells, hypoxia due to respiratory failure, 
electrolytic imbalances, fluid overload, and side effects 
of certain COVID-19 medications (46). 

Monitoring may include serial cardiac troponin 
and natriuretic peptides, along with fibrinogen, D-
dimer, and inflammatory biomarkers. Management of 
acute COVID-19 cardiovascular syndrome should in-
volve a multidisciplinary team including intensive care 
specialists, infectious disease specialists, and cardiolo-
gists.

3. Venous thromboembolic events (VTEs)

Patients with moderate and severe COVID-19 
illness are more likely to have a hypercoagulable state 
placing them at high risk for venous thromboembo-
lism (VTE) (47,48). VTE occurs approximately in 
25% of severe COVID-19 patients (47).

Careful evaluation of laboratory indices at base-
line and during the disease course (platelet count, PT, 
fibrinogen, D-dimer, antithrombin and protein C ac-
tivity monitoring) can assist clinicians in formulating 
a tailored treatment approach and promptly provide 
intensive care to those who are in greater need (48). 

Prophylactic low-molecular-weight heparin 
(LMWH) has been recommended by the Internation-
al Society on Thrombosis and Haemostasis (ISTH) 
and the American Society of Hematology (ASH), but 
the best effective dosage is uncertain. As per recom-
mendations by the American College of Chest Physi-
cians, in the absence of contraindications, thrombotic 
prophylaxis is recommended in all moderate and se-
vere COVID-19 patients, while low molecular weight 
heparin (LMWH) is preferred to oral anticoagulants 
(49). In patients requiring ICU admission, therapeutic 
treatment of LMWH can be effective in reducing in-
hospital mortality.
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4. Gastrointestinal (GI) and hepatic manifestations 

The most common GI symptoms reported are di-
arrhea, nausea, vomiting, and abdominal discomfort, 
and few COVID-19 case reports have been reporting 
cases with GI symptoms preceding respiratory symp-
toms, with some patients only presenting with diges-
tive symptoms in the absence of respiratory symptoms 
(50-52). Therefore, these uncommon GI presentation 
presentations can potentially lead to delay in diagnosis 
of COVID-19 (53).

SARS-CoV-2 infects the GI tract via its viral 
receptor angiotensin converting enzyme II, which is 
expressed on enterocytes of the ileum and colon.

An increasing number of COVID-19 patients 
experience hepatic injury, ranging on a spectrum of 
mild to severe damage. Most liver injuries are mild 
and transient, but severe liver damage can also occur 
in patients with severe COVID-19 and is associated 
with negative outcomes (54). Patients with chronic 
liver diseases, especially in those with pre-existing cir-
rhosis, there is an increased risk of worse outcomes in 
COVID-19, that have been attributed to their immu-
nocompromised status (55). 

The definitive mechanism by which liver injury 
occurs in COVID-19 patients is unclear. Liver injury 
in patients with COVID-19 might be due to viral in-
fection in liver cells or due to other causes such as drug 
induced liver injury and systemic inflammation in-
duced by cytokine storm or pneumonia-associated hy-
poxia. Furthermore, drug-induced hepatotoxicity may 
play a role in the elevation of liver enzymes, including 
medications such as remdesivir (an RNA polymerase 
inhibitor) and hydroxychloroquine (56).

5. Pancreas injury

In a recent study by Wang et al. (57) examining 
52 patients with COVID-19 pneumonia, 17 % of pa-
tients experienced pancreatic injury, documented by an 
increase of amylase or lipase serum levels, in absence of 
clinical symptoms of pancreatitis. 

Mechanisms by which pancreatic injury 
could occur include the direct cytopathic effects of 

SARS-CoV-2, or indirect systemic inflammatory 
and immune-mediated cellular responses, resulting 
in organ damage or secondary enzyme abnormalities. 
The ACE2 receptor is also highly expressed in pan-
creatic islet cells, therefore SARS-CoV-2 infection 
can theoretically cause islet damage resulting in acute 
diabetes (58). 

6. Neurological manifestations

According to several studies, more than 35% of 
COVID-19 patients develop neurological symptoms 
sometimes as the initial presentations of the disease. 

The neurological manifestations and compli-
cations of COVID-19 can be divided into central 
(encephalopathy, acute hemorrhagic necrotizing en-
cephalopathy, acute myelitis, cerebrovascular accident, 
encephalitis, headaches and dizziness), and peripheral 
(anosmia and chemosensory dysfunction, Guillain 
Barrè syndrome, skeletal muscle damage) (59,60). 

It is still unclear if these complications are directly 
due to the viral infestation or post-infectious auto-im-
mune reactions, or hypoxic metabolic changes (59,60). 
Furthermore the hyperactivation of inflammatory fac-
tors may disrupt the coagulation system leading to D-
dimer and platelet abnormalities, that may provoke the 
occurrence of cerebrovascular diseases (CVD) such as 
acute ischemic stroke (61).

6.1. Central nervous system (CNS) manifestations

The most common central nervous system 
(CNS) symptoms are dizziness (16.8%) and head-
ache (13.1%), other less frequent 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%). Head-
ache, myalgia, and malaise are common initial neu-
rological symptoms. Altered sensorium, in severe 
COVID-19, ranges from confusion, delirium, stupor 
to coma (59,60). The prevalence of neurological signs 
and symptoms is higher in patients with severe COV-
ID-19 infection, which may be the result of cerebral 
hypoxia due to respiratory failure (59,60).
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6.2. Peripheral nervous system (PNS) manifestations

PNS sign and symptoms of COVID-19 include 
hyposmia/anosmia, hypogeusia/ageusia, muscle pain, 
and Guillain-Barre syndrome (GBS). Spinal cord in-
volvement is uncommon (62). 

Anosmia and/or ageusia are the most common 
PNS manifestations of SARS-COV-2. In a multi-
center European study among 417 mild-to-moderate 
COVID-19 patients, 85.6% and 88.0% of patients had 
olfactory and/or gustatory dysfunctions, respectively. 
Women were more likely to be affected, and there was 
an early olfactory recovery rate of 44%, while symp-
toms could last even 14 days after the resolution of 
symptoms (63). These symptoms occur suddenly, and 
usually with fewer nasal symptoms such as nasal ob-
struction or excessive nasal secretion. Anosmia and 
ageusia are mostly present in asymptomatic individu-
als or as the initial presentation of the disease with no 
other symptoms.

7. Ocular manifestations 

Coronaviruses may induce a wide spectrum of 
ophthalmic manifestations, such as conjunctivitis, an-
terior uveitis, retinitis, or optic neuritis (64-67). The 
prevalence of ocular manifestations varies from 2% 
to 32% (67) and is associated with the severity of the 
COVID-19 (64-66). 

Similarly, to other symptoms not related to the 
respiratory system, ophthalmic manifestations might 
appear as the first symptom without any other impair-
ments. 

Several mechanisms for the ocular transmission 
of the virus are proposed with highlight on the nasol-
acrimal system as a conduit between the eye and the 
respiratory tract, and the role of the lacrimal gland in 
hematogenous spread. However, it is likely that the vi-
rus does possess an ocular tropism, as do other respira-
tory viruses. Furthermore, given the high vascularity of 
conjunctiva, along with the expression of ACE2 on the 
surface of endothelial cells, it cannot be excluded that 
the ocular manifestation of SARS-CoV-2 infection 
may in fact manifest in the form of a local, transient 
vasculitis (68,69).

8. Renal manifestations

The kidneys are one of the most frequently af-
fected extrapulmonary organs in patients infected with 
SARS-CoV-2; especially, in those patients who are se-
verely ill (70). Hematuria has been reported in nearly 
half of patients with COVID-19, and proteinuria has 
been reported in up to 87% of critically ill patients 
with COVID-19. The occurrence of acute kidney inju-
ry (AKI) among patients with COVID-19 is not con-
sistent across published studies, ranging from 0.1% to 
29% (70-74). Recently, Sun et al (75) have reported the 
occurrence of subclinical AKI as reflected by increased 
urinary levels of β2-microglobulin, α1-microglobulin, 
N-acetyl-β-D-glucosaminidase, and retinol-binding 
protein (ie, all biomarkers of kidney tubular damage) 
in a sample of 32 confirmed COVID-19 cases without 
prior chronic kidney disease. 

Although the mechanisms for the renal mani-
festations of COVID-19 are still elusive, a complex 
multifactorial pathway has been proposed and it in-
cludes: (a) direct viral involvement and replication in 
the kidneys leading to dysfunction; (b) local disruption 
in renin–angiotensin–aldosterone system (RAAS) ho-
meostasis, and (c) as a result of a systemic inflamma-
tory response “cytokine storm”(70,71,76).

Monitoring of markers of kidney function could 
help in the identification of patients who are at high 
risk for worse outcomes (76). However, more work is 
needed to help us better understand the pathophysi-
ology underlying renal manifestations of COVID-19, 
to help in the identification of effective management 
strategies.

9. Reproductive health issues

A recent study using single-cell RNA sequenc-
ing found that the ACE2 receptor, a target for SARS-
CoV-2 infection, is expressed in germ cells, Leydig 
cells, and Sertoli cells in the testis (77) , suggesting 
the testis is potentially a tropism site and reservoir for 
the SARS-CoV-2 virus. Sertoli cells play a critical role 
in the homeostasis of seminiferous tubules and sper-
matogenesis and Leydig cells are involved in androgen 
production.
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It has been reported that semen analysis follow-
ing COVID-19 infection showed a low sperm con-
centration with low motility for up to three months 
post-infection (78). This might indicate that the ef-
fect of COVID-19 on male fertility might be only 
transient. Furthermore, a study conducted on 81 
male patients with COVID-19 showed low testoster-
one level, high luteinizing hormone (LH) level and 
low testosterone/LH ratio indicating a possible vi-
ral testicular damage which subsequently affects the 
function of Leydig cells (79). Therefore, it has been 
suggested that the male survivors of COVID-19, es-
pecially those with reproductive needs, should be ex-
amined for testicular function and reproductive func-
tion after recovery (80).

An unusual presentation of a male case with se-
vere external genital pain which was suspected to be 
the first clinical sign of COVID-19. has been reported 
by Özveri et a. (81)

In conclusion

COVID-19 probably represents the greatest pan-
demic event in modern human history. Our concise 
review shows that the disease presents a broad spec-
trum of clinical signs and symptoms. Extra-respiratory 
manifestations of SARS-CoV- 2 infection have re-
cently been observed in the rapidly increasing number 
of COVID-19 cases involving of vital organs such as: 
lungs, heart, gastrointestinal tract, liver, kidneys, cen-
tral and peripheral system, and blood. 

The main mechanism described is the high bind-
ing affinity of the virus with the ACE2 receptors that 
are widely expressed in most human cells. 

Commonly, multisystemic involvement is as-
sociated with severe disease and might predict worse 
clinical outcomes and increased mortality. Therefore, 
a prompt high vigilance among primary care and 
emergency doctors is very important. Delineating the 
whole spectrum of symptoms of the disease can help 
with early diagnosis, prevention of the spread of the 
disease, and its treatment. In addition, it can help with 
the prevention of complications that may arise in the 
long term. 
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