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Abstract
The outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) in December 2019 form Wuhan, China 
leads to coronavirus disease 2019 (COVID-19) pandemic. While the common cold symptoms are observed in mild cases, 
COVID-19 is accompanied by multiorgan failure in severe patients. The involvement of different organs in severe patients 
results in lengthening the hospitalization duration and increasing the mortality rate. In this review, we aimed to investigate 
the involvement of different organs in COVID-19 patients, particularly in severe cases. Also, we tried to define the potential 
underlying mechanisms of SARS-CoV2 induced multiorgan failure. The multi-organ dysfunction is characterized by acute 
lung failure, acute liver failure, acute kidney injury, cardiovascular disease, and as well as a wide spectrum of hematological 
abnormalities and neurological disorders. The most important mechanisms are related to the direct and indirect pathogenic 
features of SARS-CoV2. Although the presence of angiotensin-converting enzyme 2, a receptor of SARS-CoV2 in the lung, 
heart, kidney, testis, liver, lymphocytes, and nervous system was confirmed, there are controversial findings to about the 
observation of SARS-CoV2 RNA in these organs. Moreover, the organ failure may be induced by the cytokine storm, a result 
of increased levels of inflammatory mediators, endothelial dysfunction, coagulation abnormalities, and infiltration of inflam-
matory cells into the organs. Therefore, further investigations are needed to detect the exact mechanisms of pathogenesis. 
Since the involvement of several organs in COVID-19 patients is important for clinicians, increasing their knowledge may 
help to improve the outcomes and decrease the rate of mortality and morbidity.
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Introduction

Human coronaviruses (HCoVs) are associated with multi-
ple respiratory diseases (Lim et al. 2016). Up to now, the 
identified HCoVs, including HCoV229E, HCoV-OC43, 
HCoV-HKU1, and HCoV-NL63 are related to the mild 
disease. Also, the 2002-4 epidemic due to severe acute 
respiratory syndrome coronavirus (SARS-CoV) and the 
2012 epidemic due to Middle East respiratory syndrome 
coronavirus (MERS-CoV) were considered as members of 
the HCoVs with mild to severe consequences and death. In 
December 2019, the coronavirus disease-2019 (COVID-
19) pandemic as a result of a novel virus outbreak, SARS-
CoV2 from Wuhan, China (Liu et al. 2020a). This virus is 
categorized as a beta-CoV subgroup which belongs to the 
Coronaviridae family (Sahu et al. 2020a). The transmis-
sion of through respiratory droplets, aerosol, and mucosal 
membrane contact with fomites were confirmed (Rothan 
and Byrareddy 2020; Van Doremalen et al. 2020). Also, 
the SARS-CoV2 RNA was identified in the stools of 
COVID-19 patients (Zhang et al. 2020d).

In a large study, severe illness was seen in 15.7% of 
COVID-19 patients following hospitalization, 5% of these 
patients were admitted to ICU, 2.3% required intubation, 
and 1.4% died (Baud et al. 2020). A broad range of mani-
festations from asymptomatic to severe has been defined 
for COVID-19 (Lei et al. 2020). In general, patients with 
exposure to respiratory CoVs show the common cold 
manifestations, bronchiolitis, and pneumonia (Cabeça 
et al. 2013). The clinical manifestations in mild COVID-
19 patients are fever, dry cough, and myalgia (fatigue) (Lei 
et al. 2020). While the high rate of patients are asympto-
matic or show the favorable prognosis, the worse outcomes 
were seen in old patients and also cases with underlying 
condition e.g., cardiovascular disease (CVD), renal dis-
ease, diabetes, high blood pressure, malignancy, obesity, 
and chronic respiratory diseases (Guzik et al. 2020). The 
high mortality in COVID-19 was seen in patients with 
these underlying conditions (Alberici et al. 2020). One 
week after onset of disease, COVID-19 can progress as a 
severe condition with hypoxemia and dyspnea, and rapidly 
develop to acute respiratory distress syndrome (ARDS) 
(Cheng et al. 2020a). COVID-19 also is associated with 
the involvement of different organs and systems, such as 
lung, liver, kidney, heart, and gastrointestinal, hematologi-
cal, and nervous system with a high rate of mortality and 
induction of multi-organ failure in infected patients (Gupta 
et al. 2020). Up to now, no specific treatment for severe 
illness or vaccines against SARS-CoV2 particularly has 
not been introduced (Fauci et al. 2020).

In this review, we investigated the multi-organ failure 
and related symptoms induced by SARS-CoV2 in severe 

patients. Also, we described the potential molecular mech-
anisms of this virus in the induction of pathologic features.

COVID‑19: General features

SARS-CoV2, an enveloped, non-segmented, and positive-
sense RNA virus, belongs to the β-CoVs (Li et al. 2020a). 
The complete genome of SARS-CoV2 isolated from a 
patient was 29.9 kb (Liu et al. 2020d) and many similari-
ties were identified in the genome of SARS-CoV2 with 
SARS-CoV (79.5%) as a bat-origin CoV (Andersen et al. 
2020). A part of the genome is translated into four structural 
proteins, including spike (S) glycoprotein, matrix (M), and 
nucleocapsid (N), and small envelope (E) proteins. These 
proteins can stimulate the host immune system (Naqvi et al. 
2020). S-protein of virus binds to the ACE2 receptor to enter 
into the host cells (Diaz 2020). RBD which mainly be dis-
tributed in the respiratory system (Diaz 2020). The muta-
tion of SARS-CoV2 has enhanced the affinity of this virus 
to ACE2 in human and decreased in rodents (Yang et al. 
2020c). Both SARS-CoV and SARS-CoV2 use ACE2 as a 
receptor to invade the host cells (Wu et al. 2020d). ACE2 is 
a type I transmembrane protein with 805 amino acids that 
generate angiotensin (Ang)-II, an important mediator of 
renin-Ang system (Verdecchia et al. 2020). When the virus 
enters into the cell, it releases the RNA into the cytoplasm, 
translated into two virus polyproteins and structural proteins. 
The genome of the virus then begins to replicate and forms a 
nucleocapsid in combination with genomic RNA and nucle-
ocapsid protein (Perlman and Netland 2009). Then, viral 
particles use the cellular protein synthesis organelles, such 
as Endoplasmic reticulum and Golgi complex to be germi-
nated. Finally, vesicles including the viral particles bind to 
the plasma membrane to be released (De Wit et al. 2016). 
The infection with SARS-CoV2 commonly leads to fever, 
fatigue, dry cough, anorexia, and dyspnea (Lei et al. 2020; 
Wang et al. 2020a). In severe cases, the presence of ACE2 
receptor on the cells of different organs may lead to organ 
dysfunction (Zhang et al. 2020e).

COVID‑19 and lung diseases

Features of lung diseases in COVID‑19

Pneumonia is the most serious symptom of COVID-19, 
featured by cough, fever, breath shortness, chest pain, dysp-
nea, fatigue, and bilateral diffuse interstitial pattern on x-ray 
chest image. This indicates that there is no specific clini-
cal feature to distinguish COVID-19 from other viral res-
piratory diseases (Mukherjee et al. 2020; Yi et al. 2020). 
These manifestations are commonly observed in several 
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respiratory and other diseases (such as influenza, common 
colds, asthma, and allergies). Therefore, the clinician can get 
confused with the other common diseases presenting with 
the same features (Sahu et al. 2020b). One week after onset 
of illness, this condition could develop as ARDS in 17% of 
patients and 65% of these patients worsened and died due 
to multi-organ dysfunction (Chen et al. 2020a). The inci-
dence of ARDS was reported 15.6 to31%, higher than that 
of other organ impairment (Li and Ma 2020). ARDS has 
been demonstrated to be strongly linked with the older age 
group (more frequent in > 65 years old), hypertension, and 
diabetes mellitus (Wu et al. 2020b). The SARS-CoV2 infec-
tion demonstrates similar radiological properties with other 
respiratory diseases (Robles et al. 2011). The computed 
tomopraphy (CT) findings exposed ground-glass opacities, 
consolidative opacities, as well as crazy paving patterns in 
both lungs (Chung et al. 2020) A staging system for using 
CT images has been reported (Jin et al. 2020). Notably, the 
progressive pleural effusions were reported in late-stages 
(Shi et al. 2020a) (Fig. 1).

Mechanisms of SARS‑CoV2 ‑induced lung diseases

SARS-COV2 infection may induce the injury in the lung 
through direct and indirect pathways. While ACE2 exerts 
protective features against the ALF progression (Imai et al. 
2005), it is a functional receptor for SARS-CoV and SARS-
CoV2 entry (Hamming et al. 2004). Attachment of the virus 
to ACE2 and invasion of host cells can directly infect them 
and increase the inflammatory responses and consequently 
lead to the cell death and lung complications (Verdecchia 
et al. 2020). ACE2 is a cell surface protein, located on the 
upper airway (goblet and ciliated epithelial cells), lower 
respiratory tract epithelium (Type II alveolar), and pulmo-
nary vasculature, such as arterial smooth muscle, as well as 
endothelial cells of veins and arteries (Gheblawi et al. 2020; 
Imai et al. 2005; Li 2016). The high distribution of ACE2 
was recognized on type II alveolar cells of the human lung 
(Hamming et al. 2004). Inhibition of ACE2 was shown to 
have a critical role in the control of SARS-CoV infection 
induced-pathological alteration of the lung which leads to 
ALF and severe pneumonia (Pyrc et al. 2007). In a murine 
model, S-protein of SARS-CoV binds to ACE2 and results 
in pulmonary edema and decreased lung function caused 
by increased pulmonary vascular permeability induced by 
Ang-II activation (Imai et al. 2005).

Notably, the infection with SARS-CoV2 results in inter-
stitial inflammation and alveolar injury. The pathologic fea-
tures of ARDS are also related to the activation of Ang-II 
pathways which interferes with adaptive immunity through 
the stimulation of macrophages and other immune cells 
(Bernstein et  al. 2018) and enhanced concentrations of 
interleukin (IL)-6, tumor necrosis factor-alpha (TNF-α), and 

other inflammatory cytokines (Lee et al. 2002; Yamamoto 
et al. 2011). The activated dendritic cells and macrophages 
enhance the phagocytosis of the apoptotic virus-infected epi-
thelial cells (Nainu et al. 2017). The enhanced levels of pro-
inflammatory mediators e.g., interferon-gamma (IFNγ), ILs 
(1β, 6, and 12) and chemokines e.g., CXC L10, and CCL2, 
well-known as “cytokine storm” and subsequent “hyper-
inflammation syndrome”, were confirmed in pulmonary 
inflammation, induced by SAR-CoV, MERS-CoV, SARS-
CoV2 infections (Channappanavar and Perlman 2017; Lei 
et al. 2020). Higher levels of CXCL10, CCL2, and TNFα 
were recorded in COVID-19 patients admitted to ICU severe 
compared to the other cases. Also, increased cytokines, 
produced by CD4+ T-helper 2 e.g., IL-4 and IL-10 with 
inflammation suppressive features, were observed in these 
patients (Zhang et al. 2020c). The cytokine storm, followed 
by the attacking immune system via SARS-CoV2, results in 
lung failure, multiple-organ dysfunction, and death in severe 
cases (Xu et al. 2020b). Therefore, the pathologic charac-
teristics of ARDS with alveolo-capillary membrane injuries 
as a result of enhanced permeability of lung and permeation 
of edema fluid into the airspaces and subsequent respira-
tory insufficiency were related to the cytokine storm (Bhatia 
et al. 2012). The activation of the complement system, the 
mediator of acute and chronic inflammation was found in the 
post-mortem lung tissue of COVID-19 patient. The compo-
nents, including C4, C3, C5b-9, and mannose-binding lectin, 
were positive in alveolar epithelial cells, some pneumocytes, 
immune cells, and exudates in alveolar spaces (Gao et al. 
2020).

The recent study demonstrated that ARDS is related to the 
obstructive thromboinflammatory syndrome (MicroCLOTS) 
in the microvascular lung vessels of COVID-19 patients 
(Ciceri et al. 2020). In a case-series study, the haemorrhage 
and/or thromboemboli in the major pulmonary vessels were 
reported in patients with COVID-19 (Barton et al. 2020; 
Xu et al. 2020b). Also, the pulmonary CT angiography has 
proven that COVID-19 pneumonia is related to acute pulmo-
nary embolism (Grillet et al. 2020). The autopsy evaluations 
of lung tissue from a COVID-19 patient demonstrated the 
histopathological features, including acute interstitial pneu-
monia, diffuse alveolar damages with perivascular infiltra-
tion of macrophages and T-cell, disrupted cell membrane 
(direct SARS-CoV2 infection), intussusceptive angiogen-
esis, the formation of hyaline membranes, and oedema in 
the alveolar wall. The microvasculature involvement, such 
as endothelial damage, hyaline thrombosis in pulmonary 
vessels (intra and extra), vessel wall oedema, intravascu-
lar neutrophil traps, and infiltration of inflammatory cells 
(Ackermann et al. 2020; Barton et al. 2020). The formation 
of microthrombi within the vascular structure of pulmonary 
tissue leads to pulmonary hypertension, pulmonary haem-
orrhage, pulmonary infarction, and secondary ventricular 
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Fig. 1  The features of multiorgan failure were summarized due to the 
laboratory and imaging findings. hs-cTnI sensitive cardiac troponin 
I, CK  creatine cinase, α-HBDH  α-hydroxybutyrate dehydrogenase, 
LV left ventricular, ALT alanine aminotransferase, AST aspartate ami-
notransferase, TB  total bilirubin, GGT   gamma-glutamyl transferase, 
ALP  alkaline phosphatase, Cr  creatinin, eGFR  estimated glomeru-

lar filtration rate, BUN blood urea nitrogen, DIC disseminated intra-
vascular coagulation, VTE  venous thromboembolism, LDH  lactate 
dehydrogenase, NLR  neutrophil/lymphocyte ratio, PLR  platelet/lym-
phocyte ratio, PT prothrombin time, aPTT activated partial thrombo-
plastin time
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stress (Wölfel et al. 2020). Taken together, the direct infec-
tion of the lung by virus, cytokine storm, and microthrombi 
formation should be considered as underlying mechanisms 
of pulmonary failure induced by SARS-CoV2 infection.

COVID‑19 and heart diseases

Features of heart diseases in COVID‑19

Viral infections cause myocarditis in developed countries 
which are considered as a reason for acute heart failure, 
chronic dilated cardiomyopathy, and sudden death (Sagar 
et al. 2012). Some viruses e.g., enterovirus adenovirus and 
herpesvirus are commonly seen in the etiologies for CVDs 
(Pollack et al. 2015). In several studies have been shown that 
coronavirus is a certain pathogen for the heart and induces 
myocarditis in the infected patients (Alhogbani 2016). In the 
recent pandemic, the cardiovascular complications, such as 
cardiac injury (12%) (Yang et al. 2020b) and arrhythmias 
(44%) were reported in SARS-CoV2 infected cases (Wang 
et al. 2020c). In a case report study, it has been demonstrated 
that MERS-CoV infection creates acute myocarditis, and 
results in acute myocardial injury and myocardial edema 
in lateral and apical walls of the left ventricle (Shi et al. 
2020b). Similarly, infected patients with the SARS-CoV 
demonstrated CVD, from systolic and diastolic abnormali-
ties to arrhythmias (Oudit et al. 2009b). Likewise, a single-
center study showed that 40% of patients with COVID-19 
(mean age; 55.5 years) had underlying conditions, such as 
CVD (Chen et al. 2020b). Additionally, in a comprehen-
sive analysis of six clinical studies on a total number of 
783 patients with COVID-19, mortality rate was almost 
2% mainly due to ARDS, acute kidney injury (AKI), and 
myocardial injury. The major complications leading to death 
probably are related to pre-existing CVD (Burchfield 2020; 
Jiang et al. 2020).

Myocardial injury was recognized by elevated car-
diac biomarkers levels in the first cases in China (Clerkin 
et al. 2020). High-sensitive cardiac troponin I (hs-cTnI) is 
a biomarker for the identification of myocardial ischemia 
and myocardial necrosis, suggesting that an aberrantly ele-
vated hs-cTnI usually is an indicator of myocardial infarc-
tion (Hładij et al. 2017; Neumann et al. 2017). In the first 
study on SARS CoV2 infected patients (n = 41) in Wuhan, 
five cases were diagnosed with myocardial injury mainly 
through increased levels of hs-cTnI (> 28 pg/mL) (Huang 
et al. 2020). In a report, 12% of COVID-19 patients without 
a history of CVDs demonstrated increased levels of troponin 
levels or cardiac arrest during hospitalization period (Zheng 
et al. 2020). The heart injury has been demonstrated by cre-
atine kinase myocardial band (CK-MB) (Kemp et al. 2004; 
Ternant et al. 2017). The peak levels of CK-MB occurs 

after 12 h and return to the initial amount within 48–72 
h (Ndrepepa and Kastrati 2018). In a study on admitted 
patients in Wuhan Hospital (n = 188), the male and smoker 
patients were more susceptible to increased MB-CK levels 
(Wu et al. 2020c). The levels of myocardial injury biomark-
ers (CK-MB and hs-cTnI) in patients required to the ICU 
admission significantly increased compared with patients in 
the general ward, confirming that severe symptoms indicate 
on serious complications, including acute myocardial injury 
(Wang et al. 2020b). The elevated levels of two kinds of 
myocardial (iso)enzymes, including lactate dehydrogenase 
(LDH) and α-Hydroxybutyrate dehydrogenase (α-HBDH) 
indicate on myocarditis or myocardial infarction (Vasude-
van et al. 1978). During the hospitalization, the group with 
severer hemocytopenia had a higher level of LDH compared 
with the less severe group (Lu et al. 2020). In a similar study, 
it was revealed that older patients and patients with hyper-
tension were more vulnerable to enhanced levels of LDH 
and α-HBDH and this condition not only occurs in heart 
injury, but also was observed in the lung or other organ dam-
ages. However, a high level of LDL during the admission 
was related to reduced survival chance (Wu et al. 2020c). 
A study on the epidemiological and demographic features, 
clinical manifestations, laboratory biomarkers, echocardi-
ography, electrocardiography, and chest imaging findings 
of 102 patients showed that the elevated levels of C-reactive 
protein (CRP), old age, underlying conditions, and the sever-
ity of pneumonia are the most important risk factors for car-
diac involvement in COVID-19 patients (Xu et al. 2020c) 
(Fig. 1).

Mechanisms of SARS‑CoV2‑induced heart diseases

The potential mechanisms of SARS-CoV2 in the induc-
tion of heart disease are not clear. However, different 
pathways were defined for COVID-19 pathogenesis: (1) 
viremia and direct infection of lung and heart; (2) recruit-
ment of the innate immune system by macrophages and 
cytokine storm; (3) adaptive immune system activation, 
and; (4) death or recovery (Maisch 2019). Therefore, direct 
and indirect mechanisms can be defined for the pathogen-
esis of SARS-CoV2. During SARS-CoV2 infection, the 
ACE2 receptor may cause a direct myocardial involve-
ment and lead to myocarditis in severe patients (Turner 
et al. 2004; Zheng et al. 2020). In a recent study, ACE2 
has been shown to express remarkably in heart tissue (Zou 
et  al. 2020) and cardiac overexpression of ACE2 was 
demonstrated to protect the heart from ischemia-induced 
impairment (Der Sarkissian et al. 2008). The distribution 
of ACE2 in heart tissue, especially in pericytes, endothe-
lial cells, cardiomyocytes, cardiofibroblasts, and epicardial 
adipose cells, and vascular system e.g., migratory angio-
genic cells, smooth muscle cells, and endothelial cells 
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increases the risk of direct infection of heart tissue (Ghe-
blawi et al. 2020). SARS-CoV was reported to directly 
induce myocardial inflammation, and down-regulated 
myocardial ACE2 contributes to the myocardial abnormal-
ities and cardiac consequences in SARS patients (Oudit 
et al. 2009b). In a murine model, it was confirmed that 
SARS-CoV causes an ACE2-dependent myocardial infec-
tion, as well as pulmonary infection (Oudit et al. 2009a). 
In the post-mortem evaluations of the cardiac tissue from a 
single patient, the viral RNA of SARS-CoV2 was detected, 
while histopathological evidence of myocarditis was not 
confirmed (Fan et al. 2020b). Thus, further investigations 
are still needed to confirm the direct-attach of virus and 
subsequent inflammation in the heart tissue, especially 
cardiac muscle, the leading cause of heart failure (Groß 
et al. 2020).

While the presence of ACE2 in cardiac tissue was not 
confirmed, the cytokine storm, a wide spectrum of infec-
tious and non-infectious diseases, has been considered as 
the potential cause of heart injury (Wu et al. 2020c). The 
sources of cytokine storm are related to the secretion of 
inflammatory mediators from infected cells e.g., lung epi-
thelial cells, dendritic cells, and macrophages (Gu et al. 
2005). In COVID-19, apoptosis or necrosis of myocardial 
cells may result from the infiltration of inflammatory cells 
and the production of inflammatory mediators (Zhang et al. 
2016), leading to the myocardial infarction (Xu et al. 2020b). 
The swelling of myocardial fibers and the presence of CD4+ 
T cells are the ultrastructural changes caused by viral infec-
tions (Huang et al. 2020; Warner et al. 2003). In another 
study, that the small arterioles, venules, and capillaries, 
containing plump endothelial cells, perivascular dying myo-
cyte, and myocyte undergoing degeneration were detected 
in ultrastructural examinations. In the electron microscopy 
findings, the presence of SARS-CoV2 particles within the 
cardiac endothelial cell, but not present in the cardiac myo-
cyte was confirmed. The higher infiltration of CD4+ and 
CD8+ lymphocytes were seen around the near the vascular 
structures and vascular endothelium, respectively (Fox et al. 
2020). In SARS-CoV2-induced heart injury, the destruction 
of infected cells due to the stimulation of NLRP3 inflam-
masome, the main feature of the innate immune response to 
viral infection, leads to the production and systemic release 
of IL-1β (Sheng et al. 2020). The systemic inflammation can 
be associated with the progression of endothelial cell dys-
function and atherosclerosis, and increase the risk of cardiac 
ischaemia (Fatkhullina et al. 2016). Additionally, dysfunc-
tion of the coronary microvasculature due to increased levels 
of cytokines may result in myocardial injury (Libby 2020). 
The High levels of proinflammatory cytokines also contrib-
ute to the enhanced oxidative stress, reduced expression of 
endothelial nitric oxide synthase, and induced endothelial 
cell apoptosis (Kofler et al. 2005).

Due to the raised serum levels of proinflammatory 
mediators, like IL-1β, IL-6, IL-12, monocyte chemoattract-
ant protein-1 (MCP-1), IFNγ, and IFN-inducible protein, 
SARS-CoV2 infection is related to the coagulation activa-
tion (Huang et al. 2020). In the pathological studies, mega-
karyocytes have been found in the microvasculature of the 
heart and bone marrow. These cells exert a critical role in 
diffuse microvascular thrombosis in COVID-19 (Rapkiewicz 
et al. 2020). Also, it has been observed that the COVID-19 is 
associated with the pathological features in the cardiovascu-
lar system, such as presence of inflammatory cells and apop-
totic bodies in the cardiac tissue and acute myocyte necrosis. 
In the ultrastructural assessments, the viral inclusion bodies 
in vascular endothelial cells and CD61 + megakaryocytes 
were observed (Deshmukh et al. 2020). The histopathologi-
cal findings of patients with a positive SARS-CoV2 result 
showed that the most common cardiac alterations were 
fibrosis in 14/14 (100%) and myocyte hypertrophy in 13/14 
(93%) patients (Bradley et al. 2020). These findings con-
firm that the COVID-19-associated CVDs may be induced 
by the direct SARS-CoV2 infection and the indirect effects 
of infection including, cytokine storm, endothelial dysfunc-
tion, leucocytes infiltration, and formation of microvascular 
thrombosis.

COVID‑19 and hematological abnormalities

Features of hematological abnormalities 
in COVID‑19

SARS-CoV2 infection significantly affects the haemat-
opoietic system and homeostasis is prominent (Debuc and 
Smadja 2020; Frater et al. 2020; Terpos et al. 2020). The 
most important laboratory finding with prognostic potential 
are lymphopenia (reduced peripheral CD4+ and CD8+ T 
cells) and leukopenia, which can increase the risk of bacte-
rial infection (Tan et al. 2020a). The hematological abnor-
malities are more frequent in severe cases vs. mild cases; 
lymphocytopenia (< 1.0 × 109/L): 96.1% vs. 80.4%, leuko-
penia (WBC < 3700 cells/µL): 61.1% vs. 28.1%, and throm-
bocytopenia (platelet count < 100 × 109 cells per L): 57.7% 
vs. 31.6% (Mina et al. 2020). The results of a meta-analysis 
showed that thrombocytopenia is strongly correlated with 
the severity of illness (Lippi et al. 2020). Furthermore, peak 
platelet/lymphocyte ratio and neutrophil/lymphocyte ratio 
(NLR) are predictors of prognosis of COVID-19 (Terpos 
et al. 2020). The reduced absolute monocyte count and 
elevated NLR are associated with the higher rate of death 
mortality (Pakos et al. 2020). Furthermore, coagulation 
abnormalities e.g., severe thrombocytopenia, blood hyperco-
agulability, activated partial thromboplastin time, prolonged 
prothrombin time, and enhanced fibrin degradation products 
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increase the risk of disseminated intravascular coagulation 
(DIC) among hospitalized patients (Becker 2020). Venous 
thromboembolism was reported in up to 10% for critically 
ill patients with COVID-19 (Moores et al. 2020). Anemia 
is not a frequent factor among COVID-19 patients, but the 
lower hemoglobin was detected in severe patients (Huang 
et al. 2020).

The surge in the symptoms of disease is correlated with 
enhanced concentrations of inflammatory mediators (e.g., 
TNF-α, IFNγ-induced protein 10 [IP-10], MCP-1, mac-
rophage inflammatory proteins 1A [MIP1A], granulocyte 
colony-stimulating factor, ILs [2, 6, and 7], and the induction 
of cytokine storm and hyperinflammation syndrome (Lil-
licrap 2020; Quirch et al. 2020). Additionally, the inflam-
matory indices, such as including lactate dehydrogenase 
(LDH), CRP, and IL-6, help to detect the infected cases and 
improve the consequences of disease (Chen et al. 2020c; Li 
et al. 2020c; Ling 2020). CRP and NLR, the biomarkers of 
inflammation, are used for the diagnosis and assessment of 
many diseases. The CRP value above 100 mg/L is an indi-
cator of severe bacterial infection (Cals et al. 2010; Gille-
Johnson et al. 2012).

Higher levels of other biomarkers, such as serum D-dimer, 
ferritin, and procalcitonin are accompanied by poor progno-
sis (Huang et al. 2020c). Increased d-dimer may reflect the 
progress of DVT and/or pulmonary embolism, and can pre-
dict both severity and mortality of disease (Aggarwal et al. 
2020). More recently, high serum concentrations of corti-
sol were reported to be attributed to the severity of disease 
and poor prognosis of treatment in critically ill COVID-19 
patients (Tan et al. 2020b). Moreover, LDH is a non-specific 
indicator of different pathological conditions with cellular 
death and tissue damage (Wu et al. 2020f).

Mechanisms of SARS‑CoV2‑induced hematological 
abnormalities

Lymphopenia seems to be attributed to the ACE2 presence 
on the lymphocytes and direct infection of these cells (Wang 
et al. 2020e), whereas the elevated levels of cytokines may 
result in the lymphocyte apoptosis (Unsinger et al. 2009). 
Moreover, atrophy of lymphoid organs, including the spleen 
and lymph node showed the effects of cytokine storm, lead-
ing to further impairments of lymphocyte turnover (Cao 
2020). The lung, a platelet biogenesis site, involves in 
hematopoiesis function and acts as a reservoir for mega-
karyocytes and haematopoietic progenitors (Lefrançais et al. 
2017). Therefore, the platelet intake and/or its decreased 
production in damaged lungs of COVID-19 patients may 
result in thrombocytopenia (Liu et al. 2020c).

Coagulation abnormalities are multifactorial conditions, 
associate with the combination of inflammation, activation 
of platelet, endothelial dysfunction, immobility, and stasis 

of blood flow (The Lancet 2020). The higher levels of Fac-
tor VIII and von Willebrand factor proved the endothelial 
injury in COVID-19 patients (Escher et al. 2020). Endothe-
lial cells may be affected by SARS-CoV2 due to the expres-
sion of ACE2, suggesting the direct infection of these cells 
in COVID-19 (Varga et al. 2020). Also, systemic inflam-
mation may activate the endothelial cells via two pathways: 
increasing the interaction of cells with eukocyte and platelets 
and stimulating the expression of proinflammatory factors in 
endothelial cells, resulting in enhanced vascular permeabil-
ity (Yang et al. 2016). It was revealed that endotheliopathy 
in COVID-19 was related to the severity of illness and death 
(Goshua et al. 2020). The higher CRD level is a diagnostic 
factor for pneumonia, correlated with the levels of inflam-
mation. CRD stimulates the complement functions and 
enhance phagocytosis (Wang 2020). The activation of the 
complement system via SARS-COV2 in the lungs and other 
organs may are essential role in the initiation of acute and 
chronic inflammation, microthrombus formation, endothelial 
dysfunction, and DIC, and eventually induces multiorgan 
dysfunction and death (Noris et al. 2020). The high serum 
levels of C5a was confirmed in the infected cases, princi-
pally in critically ill cases (Gao et al. 2020). Serum ferritin 
is a biomarker for diagnosing the acute phase of inflamma-
tion and the macrophage activation syndrome (Kernan and 
Carcillo 2017).

COVID‑ 19 and renal diseases

Features of renal diseases in COVID‑19

SARS-CoV-2 not only induces the diffused alveolar injury 
and acute respiratory failure, but also involves other organs, 
such as kidney and leads to renal resident cells injury 
(Huang et al. 2020). AKI is a common feature of renal 
disease, occurred in 5–15% of patients with SARS- and 
MERS-CoV infection with higher rate of mortality (Raza 
et al. 2020) In the first reports, the AKI incidence was few 
among COVID-19 patients. However, recent studies con-
firmed kidney failure in SARS COV2, related to the hospital 
death of cases with severe COVID-19 (Cheng et al. 2020a; 
Wang et al. 2020d). According to the data from hospital-
ized patients, the incidence of AKI was reported 29% among 
severe cases and reached to 69.57% in ≥ 60 year-old age 
group (Diao et al. 2020).

Various investigations confirmed that the AKI develop-
ment significantly enhanced mortality among hospitalized 
COVID-19 patients (AKI 5.3 times vs. chronic diseases 1.5 
times) (Li et al. 2020e; Rep 2020; Su et al. 2020a; Xu et al. 
2020a). Also, the mortality rates increased significantly 
in hospitalized cases with proteinuria, higher baseline 
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creatinine and BUN, hematuria, and AKI stage II and III 
(Cheng et al. 2020a).

In the previous study on 59 patients with COVID-19, the 
progressed albuminuria during the first days of admission 
was reported in 34% of patients, and 63% had proteinuria 
during their hospitalization (Li et al. 2020f). Increased blood 
urea nitrogen (BUN) level was also detected in 27% of all 
patients and two-third who died. Reduced kidney density 
in CT-scan implied on the tissue inflammation and edema 
(Boroujeni et al.).

Many patients with kidney injury such as abnormal uri-
nary analysis and kidney dysfunction (increased BUN and 
serum creatinine) were detected during admission. Serum 
creatinine and BUN was increased in 15.5% and 14.1% of 
patients, respectively (Cheng et al. 2020c). In 138 COVID-
19 patients with the ICU admission, the increased levels 
of creatine kinase was shown to be associated with kidney 
injury (Cheng et al. 2020c; Wang et al. 2020b). AKI was 
considered independently as a risk factor for patients’ mor-
tality (Cheng et al. 2020c; Fan et al. 2020b). Patients with 
functional deficits in both innate and adaptive immunities 
are at higher risk for chronic kidney disease during the 
SARS-CoV2 pandemic (Cheng et al. 2020c) (Fig. 1).

Mechanisms of SARS‑CoV2‑induced kidney diseases

The signaling pathways involved in the kidney disease 
related to the COVID-19 is unknown, associated with sev-
eral factors (Benedetti et al. 2020). Direct cellular infec-
tion though ACE2 or cytokine storm syndrome due to virus 
infection is supposed as a renal involvement mechanism 
(Naicker et al. 2020). ACE2 is expressed in different cells of 
kidney tissue e.g., proximal tubule epithelial cells, glomeru-
lar endothelial cells, and podocytes and kidney vasculature 
(Gheblawi et al. 2020). Key processes in human physiology 
are organized by an important signaling pathway of vasoac-
tive peptides, called renin/Ang/aldosterone system. Interfer-
ence of SARS-CoV and SARS-CoV2 with this system is 
performed via the ACE2 receptor (Ingraham et al. 2020). 
ACE2 with higher affinity SARS-CoV2 than SARS CoV 
(Wrapp et al. 2020), is expressed on various type renal cells, 
including brush border of proximal tubular cells, glomerular 
endothelial, mesangial cells, and podocytes (small quantity) 
(Ye et al. 2006). ACE2 also is expressed in the epithelium 
of glomerulus and smooth muscle of interlobular arteries 
(Zhang et al. 2004). Consuming of the inhibitors renin/
Ang/aldosterone system and the blockers of Ang-receptor 
during COVID-19 may alter ACE2 expression and cause to 
increased mortality rate (Diaz 2020; Fang et al. 2020; Som-
merstein and Gräni 2020; Vaduganathan et al. 2020).

In the renal samples from two COVID-19 patients with 
high-risk APOL1 genotype, the SARS-CoV2 RNA was not 
detected. The observed pathologic features were associated 

with collapsing focal segmental glomerulosclerosis. Also, 
the cytokine storm enhanced the gene expression of APOL1, 
resulting in podocyte damage (Kissling et al. 2020; Larsen 
et al. 2020). However, in the postmortem renal tissues from 
six COVID-19 patients with AKI exerted the pathologic 
features, such as severe acute tubular necrosis, as well as 
infiltration of macrophage and lymphocyte. Furthermore, the 
N-protein of SARS-CoV2 was identified in renal tubules and 
particles of CoV were identified in podocytes and tubular 
epithelium, suggesting that this virus can directly invade 
the renal cells (Abbate et al. 2020; Diao et al. 2020; Farkash 
et al. 2020; Su et al. 2020b).

The other indirect mechanisms which contribute to 
the renal injury may be related to hypoxia, hemodynamic 
instability and shock, sepsis, cytokine storm, and rhabdo-
myolysis (Cheng et al. 2020b; Kumar et al. 2009; Naicker 
et al. 2020). A recent study reported a decrease in kidney 
density using CT. Additionally, edema and inflammation of 
the renal parenchyma were identified (Li et al. 2020e). AKI 
development following COVID-19 could also be related to 
the activation of complement components, such as C5b-9. 
The strong deposition of C5b-9 was reported on the tubular 
cells than glomeruli and capillaries that resulted in paren-
chymal damages of renal tissue (Diao et al. 2020). The infil-
tration of inflammatory cells, e.g., CD4+ T cells, CD68+ 
macrophages, and CD56+ natural killer cells were observed 
in the tubules and interstitial tissue of patients (Diao et al. 
2020). The intense activity of these immune cells may finally 
lead to apoptosis in epithelial cells, fibrosis, and alterations 
in the microvascular system (Saffarzadeh et al. 2012).

The involvement of microvascular thrombosis in renal 
samples of COVID-19 patients has not been certainly recog-
nized. In the autopsy studies of renal tissue form COVID-19 
patients, fibrin thrombi were rarely detected in glomerular 
regions related to the severe endothelial injury (Su et al. 
2020b). The pathologic features of the kidney after COVID-
19 may be associated with the direct invasion of virus, or 
the viral induced changes. The activation of complement 
seems and cytokine storm, infiltration of inflammatory cells, 
rarely thrombosis may mainly contribute to the renal dam-
ages, observed in the COVID-19 patients.

SARS‑CoV2 and liver diseases

Features of liver diseases in COVID‑19

It has been found that SARS-CoV2 is related to the dysfunc-
tion or damage of liver tissue, and after the lung, it seems 
to be the second organ (Xu et al. 2020b). Acute liver fail-
ure (ALF) in COVID-19 patients may result from the virus 
invasion, which directly infects liver cells. Some infections 
of the upper respiratory tract can influence the liver (Wu 
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et al. 2020e). The function of the liver can be considered as 
a marker of disease progression, as the high frequency of 
serious COVID-19 cases showed of liver injury than mild 
cases (Zhang et al. 2020a). Several studies on COVID-19 
patients primarily have demonstrated various degrees of 
raised serum biochemistries of the liver, such as irregular 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), and total bilirubin (TB) levels (Garrido et al. 2020; 
Guan et al. 2020). In the evaluation of COVID-19 patients 
(n = 148), the rates of high liver biomarkers were estimated 
accordingly: LDH: 35.1%, AST:21.6%, ALT:18.2%, gamma-
glutamyl transferase (GGT): 17.6%, TB: 6.1%, and Alka-
line phosphatase (ALP):4.1% (Fan et al. 2020a). In another 
study, the elevated level of AST was identified in ICU admit-
ted patients (62%) more frequently than other hospitalized 
patients (25%). Therefore, the ALF was predominant in criti-
cally ill cases than mild cases (Xu et al. 2020b). Elevated 
GGT, a diagnostic factor of cholangiocyte injury, and ALP 
levels were reported in 30/56 (54%) and 1/56 (1.8%), respec-
tively among COVID-19 patients during hospitalization 
(Zhang et al. 2020b). The higher levels of ALF indicators, 
especially AST, are strongly attributed to the higher mortal-
ity risk (Lei et al. 2020).

In a preliminary observative study, the abdominal imag-
ing of patients with COVID-19 was analyzed. In right 
upper quadrant ultrasounds, 20/37 (54%) showed a dilated 
sludge-filled gallbladder, suggesting the cholestasis in 
these patients. The fatty liver was also reported in 10/37 
of patients (27%) and portal venous gas was confirmed by 
ultrasound and CT findings (Bhayana et al. 2020). Hypoal-
buminaemia, caused by inadequate nutrition intake and 
overconsumption, has been observed in severe COVID-19 
patients (Kim et al. 2017). The lower level of albumin in 
COVID-19 was reported to be the indicator of severe disease 
(Chen et al. 2020b). Furthermore, abnormal liver function 
was more likely to seen in infected patients with elevated 
levels of procalcitonin and CRP (Fan et al. 2020b) (Fig. 1).

Mechanisms of SARS‑CoV2‑induced liver diseases

Although the exact mechanisms of SARS-C0V-2 in the 
induction of ALF has not been identified, the main direct 
and indirect mechanism can be defined. Direct viral impact, 
systemic inflammation, drug-induced damage, congestion 
abnormalities, and hypoxia-induced damage are the factors, 
which contribute to liver damage in COVID-19 patients 
(Chau et al. 2004). The ACE2 receptors also are well pre-
sented in the liver cells (Qi et al. 2020; Zou et al. 2020), 
including cholangiocytes (60%) and hepatocytes (3%); and 
are absent in Kuppfer cells (Uhlén et al. 2015). The infection 
with SARS-CoV2 primarily is related to the invasion of the 
liver cells receptors to enter the objective cell. Diarrhoea 
was reported in about 2% to 10% of infected patients, and 

RNA of SARS-CoV2 was extracted from stool and blood 
samples, confirming the direct infection of host cells by the 
virus (Wang et al. 2020c). Bile duct cells with a critical role 
in liver recovery and immune reaction, express ACE2 higher 
than other liver cells, confirming that the infection of bile 
duct cells and not liver cells may involve the pathology of 
liver injury (Banales et al. 2019). Histopathological evalua-
tion confirmed the low titer of SARS-CoV in the liver (Chau 
et al. 2004). However, viral inclusions were not observed in 
the liver samples from a case who died due to SARS-CoV2 
infection (Xu et al. 2020b).

Microscopically, the liver manifests increased small lym-
phocytes infiltration in sinusoidal spaces, multifocal hepatic 
necrosis both in the periportal area and near the terminal 
hepatic veins, increased number of portal veins associated 
with luminal severe dilatation, and activated Kupffer cells 
with large cytoplasm containing necrotic debris (Cheng et al. 
2020b; Naicker et al. 2020). The biomarkers of inflammation 
including CRP, serum ferritin were significantly raised in 
severe COVID-19 patients (Liu et al. 2020b). Furthermore, 
the inflammatory response with higher levels of ILs (1, 6 and 
10) was prominent in SARS patients with ALF compared 
to normal liver function (Duan et al. 2003). In liver biop-
sies form SARS patients, the pathological features, such as 
eosinophilic bodies, mitotic cells, and balloon-like liver cells 
were observed, resulting in apoptosis and ALF (Chau et al. 
2004). In MERS patients with liver damage, a mild inflam-
mation of lobular lymphocytic and portal tract, as well as a 
mild hydropic degeneration of liver parenchymal cells were 
described (Alsaad et al. 2018; Ng et al. 2016). The post-
mortem liver tissue analysis of COVID-19 patients presented 
only microvesicular steatosis, a common feature of sepsis 
(Koskinas et al. 2008).

The liver involvement in COVID-19 can be useful to 
divide into two groups; the first type of injury with mild liver 
abnormalities, related to a nonspecific reaction to the gen-
eral inflammation (Li and Xiao 2020), and the second type 
of injury is related to with higher levels of TB, ALT, and 
AST which should be considered by clinicians (Li and Xiao 
2020). Another manifestation of hepatic injury in COVID-19 
patients is the fragmentation of the Smooth muscle layer of 
the portal vein (Wang et al. 2020c). In the similar respira-
tory viruses, the higher levels of liver biomarkers seem to 
be associated with liver injury due to interactions of Kupffer 
cells and cytotoxic T cells (Adams and Hubscher 2006). It 
believes that liver injury as a result of cytotoxic T cell acti-
vation and dysregulated innate immune responses are more 
potential to explain the correlation between raised liver bio-
markers and COVID-19 severity (Bangash et al. 2020).

Furthermore, liver injury in severely infected patients was 
observed with relative decreased platelet counts, activation 
of fibrinolytic and coagulative signaling pathways, enhanced 
neutrophil counts and NLR, and high ferritin levels (Wang 
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et al. 2020c). The immune deregulation and coagulation acti-
vation may alter the systemic metabolism of iron secondary 
to macrophage function (Sapey et al. 2019).

Additionally, drug-induced liver injury and abnormal 
liver blood test after therapeutics was observed in infected 
patients with SARS-CoV2, which should be considered 
by clinicians as a potential contributing factor. However, a 
mild liver test instability at baseline was recorded in many 
COVID-19 patients before treatment (Bangash et al. 2020). 
Hepatic injuries in COVID-19 patients may be caused by 
drugs like non‐steroidal anti‐inflammatory drugs and other 
herbal remedies (Li and Xiao 2020). According to the 
findings, the direct invasion of bile duct cells, imbalanced 
immune responses, coagulation abnormalities, systemic 
inflammation, and hypoxic condition are possible mecha-
nisms of hepatic dysfunction in COVID-19 patients.

COVID‑19 and Neurological diseases

Features of neurological diseases in COVID‑19

Although the pulmonary disease following COVID-19 is the 
major leading cause of death (Wu et al. 2020a), the neuro-
logical manifestations need to be considered. In critically ill 
patients admitted to ICU, the incidence of neurological man-
ifestation was reported higher than other patients. The neuro-
logical symptoms were characterized as the central nervous 
system (CNS) in severe cases and the peripheral nervous 
system (PNS) in mild to moderate cases (Mao et al. 2020). 
The PNS symptoms were hypoplasia, neuralgia, fatigue, 
myalgia, anosmia (or hyposmia), and hypogeusia (De Corato 
et al. 2011; Mao et al. 2020; Sun et al. 2020; Yang et al. 
2020a). CNS manifestations, such as head pain, reduced 
consciousness, dizziness, ataxia, acute cerebrovascular dis-
ease, and epilepsy were recorded (Mao et al. 2020). In a 
report, the structural particles of SARS-CoV were detected 
in the brains of COVID-19 patients (Gu et al. 2005). Differ-
ent neuropathologic conditions, such as acute flaccid paraly-
sis (Turgay et al. 2015), encephalitis (Morfopoulou et al. 
2016; Nilsson et al. 2020), and other neurological manifes-
tations (Algahtani et al. 2016; Gu and Korteweg 2007; Li 
et al. 2016; Tsai et al. 2005) were reported in patients with 
HCoVs. In the previous study, the link between CoV and 
neurological disorders with demyelination, such as multiple 
sclerosis has been revealed (Khateb et al. 2020). In MRI of 
one case with SARS-CoV2 infection and seizures, demy-
elination lesions were observed in brain regions, including 
the periventricular white matter and the bulbo-medullary 
junction with the negative SARS-CoV2 RNA in CSF (Zanin 
et al. 2020). A patient with acute necrotizing encephalopathy 
(ANE) with positive CSF for RNA of SARS-CoV2 (Vir-
hammar et al. 2020) and an 11-year-old pediatric case with 

encephalitis following COVID-19 (McAbee et al. 2020) 
were recorded. The incidence of brain stroke as a cerebro-
vascular complication was 5% among severe COVID-19 
patients (Avula et  al. 2020; Li et  al. 2020d). Likewise, 
SARS-CoV2-induced encephalopathy has been confirmed 
in a case report (Malhotra 2016). The head CT images of 
a COID-19 patient (female) showed that bilateral medial 
thalami exerted symmetric hypoattenuation. In MRI images, 
hemorrhagic lesions were recorded in the medial temporal 
lobes, bilateral thalami, and subinsular areas (Poyiadji et al. 
2020) (Fig. 1).

Mechanisms of SARS‑CoV2‑induced neurological 
diseases

The pathogenesis of SARS-CoV2 like other HCoVs in the 
nervous system also is related to (1) direct attach of nerve 
endings in PNS and transmission into the CNS (Rajčani 
2003) or (2) indirect injuries related to the cytokine storm 
and viral sepsis (Li et al. 2020b). Increased inflamma-
tory mediators in the nerve endings may induce the PNS 
manifestations (Ferrari et al. 2006). Also, the transmission 
of SARS-CoV2 through neural routes, such as olfactory 
nerve can increase the risk of infection in CNS, especially 
in the medulla oblongata, a regulator of cardiorespira-
tory system. The infection of this region may affect the 
spontaneous breath of COVID-19 patients and increase 
the mortality rate in ICU admitted patients (Kang et al. 
2020). This virus may use a neuronal retrograde to infect 
the CNS, increasing the possibility of viral transmission 
via olfactory nerve endings in the nasal region (Hwang 
2006; Netland et al. 2008; Xu et al. 2005). On the other 
hand, the distribution of ACE2 in the brainstem, mainly in 
the nuclei served as regulators of cardiorespiratory system, 
as well as other areas e.g., raphe and motor cortex has been 
identified (Doobay et al. 2007). Moreover, HCoVs may 
use a hematogenous route in which viral agent utilizes the 
bloodstream to infect CNS; infected leukocytes virus act as 
a vector or infected endothelial cells of blood-brain-barrier 
(BBB) with the ability of ACE2 expression may enhance 
the chance of CNS infection (Desforges et al. 2019; Rabelo 
et al. 2011). In the MRI study of COVID-19 case with CSF 
positive RNA of SARS-CoV2, symmetric pathologic sig-
nals in some brain regions, such as medial temporal lobes, 
subinsular region, central thalami, and brain stem. In the 
CSF, the high levels of tau and neurofilament light, the 
markers of neuronal injury glial fibrillary acidic protein, 
an astrocytic activation marker, as well as neuronal rescue 
proteins were observed, emphasizing the neurotropism of 
SARS-CoV2 (Virhammar et al. 2020). In histopathological 
evaluations, hemorrhagic lesions (foci of intraparenchymal 
blood with peripheral macrophages) in the white matter 
were observed. These lesions with the appearance of the 
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ANE were associated with a wide range of alterations in 
the brain tissue, including axonal injuries, microscopic 
regions of necrosis, and microscopic infarcts, (Reichard 
et al. 2020).

The cytokine storm also has an essential role and con-
tributes to the neurological manifestation of COVID-19 
(Lei et al. 2020; Ruan et al. 2020). Indirectly, the cytokine 
storm is associated with BBB disruption, demyelination, 
and lead to ANE in viral infections (Mehta et al. 2020). 
Coagulation abnormalities due to high inflammatory 
responses were confirmed in COVID-19 patients with 
stroke (Li et al. 2020d; Sproston and Ashworth 2018). 
In addition, the advanced MicroCLOTS in the brain 
microvascular may lead to brain dysfunctions in infected 
patients (Ciceri et al. 2020). Consequently, direct infection 
of neural cells, cytokine storm, infiltration of inflammatory 
cells, disruption of BBB, endothelial dysfunction, coagu-
lation abnormalities, and hypoxia may have a critical role 
in the neurological manifestations of patients.

Conclusions

COVID-19 mainly in severe cases in addition to lung 
involves different organs such as heart, liver, and kidney, 
as well as hematological and nervous system, and induce 
multi-organ failure. SARS-COV2 may directly invade the 
host cells of different organs through the ACE2 receptor 
due to the presence of this receptor in these organs. On the 
other hand, activation of the complement system, cytokine 
storm, dysregulated immune responses, coagulation dys-
function, and infiltration of inflammatory cells in SARS-
CoV2 infection can induce the multi-organ failure in these 
patients. Overall, understanding the clinical, laboratory and 
radiological features of COVID-19 in critically ill patients 
with multi-organ dysfunction should be clarified for clini-
cians. Consequently, increasing the knowledge on the patho-
physiology of SARS-COV2-induced multi-organ failure may 
ultimately result in better ways to treat COVID-19 patients 
and decrease the associated morbidity and mortality.
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