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Graphical Abstracts 

 

Highlights 

 Expressions of ACE2 and TMPRSS2 were observed in the extrapulmonary 

organs. 

 Direct infections of SARS-CoV-2 in extrapulmonary organs were observed in 

patients with COVID-19. 

 Clinical manifestation and management for extrapulmonary organ injuries in 

COVID-19 should be noticed. 

 There might be a relationship between the infection of extrapulmonary organs 

and positive SARS-CoV-2 test in recovered patients. 
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Abstract: 

 

At the end of 2019, the coronavirus disease 2019 (COVID-19), caused by severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2), emerged in China. 

Currently, it is breaking out globally and posing a serious threat to public health. The 

typically clinical characteristics of COVID-19 patients were fever and respiratory 

symptoms, and a proportion of patients were accompanied by extrapulmonary 

symptoms including cardiac injury, kidney injury, liver injury, digestive tract injury, 

and neurological symptoms. Angiotensin converting enzyme 2 (ACE2) 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 cellular 

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 extrapulmonary organs due to the expressions of ACE2 and 

TMPRSS2 in the cells and tissues of these organs. It seems that there is a potential 

involvement of ACE2 and TMPRSS2 expressions in the virus infection of 

extrapulmonary organs and the manifestation of symptoms related to these organs in 

patients with COVID-19. Here, we revealed the expressions of ACE2 and TMPRSS2 

in extrapulmonary organs, and we also summarized the clinical manifestation and the 

management of extrapulmonary complications in patients with COVID-19. 

Abbreviations 

ACE2 Angiotensin converting enzyme 2 

AKI  Acute kidney injury 

ALI  Acute liver injury 

ALP Alkaline phosphatase 

ALS 

ALT 

Artificial liver system 

Alanine aminotransferase 

AMI Acute myocardial infarction 

ARDS Acute respiratory distress syndrome 

AST Aspartate aminotransferase 

AT2 Alveolar cells 
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BUN Blood urea nitrogen  

CCLE Cancer Cell Line Encyclopedia 

CNS Central nervous system 

COVID-19 

GEO 

GGT 

GI 

Coronavirus disease 2019 

Gene Expression Omnibus 

Gamma-glutamyltransferase 

Gastrointestinal injury 

GTEx Genotype-Tissue Expression 

ICU Intensive care unit 

MCS Mechanical circulatory support 

NP Nucleoprotein 

PCI Percutaneous coronary intervention 

SARS-CoV-2 

Scr 

Severe acute respiratory syndrome coronavirus 2 

Serum creatinine  

ScRNA-Seq Single-cell RNA sequencing 

STEMI ST-elevation myocardial infarction 

TBIL Total bilirubin 

TEM Transmission electronic microscope 

TMPRSS2 Transmembrane protease serine 2 

V-V venous-venous 

WHO World Health Organization 

Key words: SARS-CoV-2, COVID-19, ACE2, TMPRSS2, extrapulmonary organs, 

clinical management 

 

1. Introduction 

Since the late 2019, a novel coronavirus, officially named as severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2), was identified as the pathogen to cause 

pneumonia [1, 2]. As a member of the Betacoronavirus genus, SARS-CoV-2 has 82% 

genomic nucleotides identity with human severe acute respiratory syndrome 

coronavirus (SARS-CoV), and shares 76.47% amino acid sequence identity with 

SARS-CoV [3, 4]. The World Health Organization (WHO) named the disease caused by 

SARS-CoV-2 as coronavirus disease 2019 (COVID-19). Until April 20, 2020, the 

virus has swept through 213 countries, more than 2.2 million cases with COVID-19 

have been confirmed and more than 150 000 cases died, which has been posing 

significant threats to public health. SARS-CoV-2 can cause respiratory diseases, and 

may lead to acute respiratory distress syndrome (ARDS), multiple organ failure, and 
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even death in severe cases [1, 5]. In addition to typical symptoms such as cough and 

fever, some patients developed the symptoms in multiple systems such as 

cardiovascular system, digestive system and nervous system in the early stages of 

COVID-19, which brings more challenges to the timely diagnosis of patients [6, 7]. 

Angiotensin converting enzyme 2 (ACE2) as a metalloproteinase is a carboxyterminal 

dipeptidyl peptidase [8]. The primary physiological role of ACE2 is involved in the 

regulation of vasoconstriction and blood pressure [9-11]. Transmembrane protease 

serine type2 (TMPRSS2), belonging to the type II transmembrane serine protease 

family, could cleave the coronavirus spike (S) protein [10, 12-16]. It was demonstrated 

that ACE2 and TMPRSS2 were crucial for the entry of SARS-CoV and SARS-CoV-2 

into the host cells [11, 17, 18]. Cell entry of SARS-CoV-2 depends on binding of the S 

protein to the specific cellular receptor and S protein priming by host cell proteases. 

As shown in Figure 1, each S protein of SARS-CoV-2 consists of two subunits: a 

globular S1 domain at the N-terminal region, and the membrane-proximal S2 domain. 

SARS-CoV-2 utilizes receptor-binding domain within the S1 domain to bind to the 

cellular receptor ACE2, which could trigger the effects of TMPRSS2 on the cleavage 

of protein S at the S1 and S2 sites, and priming cell membrane fusion for viral entry 

[17, 19, 20]. As receptors and mediators of virus entry are important for determining viral 

host and organ, the route of SARS-CoV-2 infection and the infected organ may 

depend on the expression and distribution of ACE2 and TMPRSS2 [21, 22]. Studies 

have shown that ACE2 and TMPRSS2 are expressed not only in lung tissues, but also 

in extrapulmonary organs including heart, kidney, liver, colon, esophagus, brain, 

gallbladder and testis, suggesting that SARS-CoV-2 may also affect extrapulmonary 

organs [23-27]. 

In this review, the distributions of ACE2 and TMPRSS2 in extrapulmonary organs, 

and the characteristics and clinical managements of extrapulmonary organ injury 

caused by SARS-CoV-2 were summarized. We believe that this will be important in 

understanding on the infection of extrapulmonary organs in patients with COVID-19. 

 

2. The mRNA expressions of ACE2 and TMPRSS2 in extrapulmonary organs 
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Studying the viral susceptibility of extrapulmonary organs is important for a deeper 

understanding for the pathogenesis of SARS-CoV-2 infection. Studies have shown 

that ACE2 and TMPRSS2 were expressed not only in the cells and tissues of lung, but 

also in extrapulmonary organs [25, 28-33] (Figure 2). In this section, the expression levels 

of ACE2 and TMPRSS2 in extrapulmonary organs including heart, kidney, liver, 

digestive tract, brain and other organs were reviewed. 

2.1 Heart 

The mRNA expressions of ACE2 in different human organs were analyzed and the 

results showed that ACE2 was expressed in the heart [27, 34]. Furthermore, Chen et al 

analyzed the feature of ACE2 expressions among cardiac cell types and found that 

ACE2 was specifically expressed in pericyte [35]. Moreover, RNA sequencing from 40 

patients with failing hearts and 15 normal donors revealed that myocardial ACE2 

expressions were significantly increased in patients with heart failure, which was 

further validated at the protein level by proteomics profiling from 8 heart failure and 8 

normal donors [35]. Another study also showed that the expression of ACE2 in heart 

tissues of patients with underlying heart disease was higher than that in normal heart 

tissues [36]. These two studies suggested that the expression of ACE2 in heart tissue of 

patients with underlying heart disease was higher than that in normal heart tissue. Guo 

et al analyzed the mRNA expression of TMPRSS2 from the Genotype-Tissue 

Expression (GTEx) database, and the results showed that TMPRSS2 is also expressed 

in the heart [29]. By single-cell RNA sequencing (scRNA-Seq) to profile the gene 

expression landscapes of 4,000 cardiac cells from human embryos, Qi et al revealed 

that the cardiomyocytes from the heart contain 6% ACE2-expressed cells and 0.8% 

TMPRSS2-expressed cells, and the cardiovascular progenitor cells contain 12.5% 

ACE2-expressed cells and 0.4% TMPRSS2-expressed cells, respectively [27]. These 

data showed that both ACE2 and TMPRSS2 were expressed in the heart. 

2.2 Kidney 

Expression analysis from the GTEx database showed that kidney displayed the fifth 

high expression of ACE2 [35]. To investigate the expression of ACE2 in kidney, Lin et 

al analyzed the public single-cell transcriptome dataset of normal kidneys from 
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healthy donors, the results showed that the ACE2 was distributed across multiple cell 

types and was mostly enriched in proximal tubule cells [32]. Fan et al confirmed the 

specific ACE2 expression in tubular cells from the Gene Expression Omnibus (GEO) 

dataset, while it was not observed in immune cells and glomerular parietal epithelial 

cells. RNA and protein expression data of ACE2 in different human tissues and cancer 

cell lines were obtained from three online datasets including the Cancer Cell Line 

Encyclopedia (CCLE), GTEx database, and the Human Protein Atlas dataset, and the 

results indicated that both mRNA and protein expression levels of ACE2 were 

relatively high in kidney cells especially in renal tubular cells [37]. Meanwhile, 

Suryawanshi et al analyzed the data of kidney tissues in scRNA-Seq datasets, and 

found that either proximal tubular cells or tubular progenitor cells in the kidney 

co-expressed ACE2 and TMPRSS2 [38]. The data of the scRNA-seq from GEO dataset 

(GSE134355) showed that ACE2 and TMPRSS2 expression levels were high in 

nephron epithelial cells, epithelial cells, endothelial cells, and mesangial cells of the 

kidney [27]. Recently, Pan et al also found that the TMPRSS2 gene was co-expressed 

with ACE2 in kidney podocytes [31]. These data showed that both ACE2 and 

TMPRSS2 were highly expressed in tissues and cells of kidney.  

2.3 Liver 

Chai et al analyzed the scRNA-seq data from GEO database (GSE124395) to evaluate 

ACE2 gene expression in liver, the results showed that ACE2 was highly expressed in 

cholangiocytes, which level was about 20 times higher than that in hepatocytes [39]. 

The GTEx database also showed that both ACE2 and TMPRSS2 were expressed in 

the liver [29]. Zhou et al identified that TMPRSS2 is highly expressed in hepatocytes 

from Human Cell Atlas database [26]. Recently, Wen et al indicated that ACE2 and 

TMPRSS2 are specifically co-expression in TROP2+ liver progenitors of human liver 

tissue using scRNA sequencing [40]. These data indicate that ACE2 expression is 

expressed at a relative low level in hepatocytes and mainly located in cholangiocytes, 

while TMPRSS2 is expressed in hepatocytes.  

2.4 Digestive tract 

A previous study showed that ACE2 could be found in the upper esophagus, and it 
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could be detected in stratified epithelial cells and absorptive enterocytes of the ileum 

and colon [41]. Quantitative mRNA expression profiling of ACE2 across 72 human 

tissues by Harmer et al showed that ACE2 was expressed at a high level in 

gastrointestinal tissues [42]. Zhang et al analyzed 4 datasets with single-cell 

transcriptomes of esophagus, gastric, ileum, colon and lung, and the data showed that 

ACE2 was not only highly expressed in the type II alveolar cells (AT2) of lung but 

also in the stratified epithelial cells, ileum absorptive enterocytes cells and colon 

enterocytes [33]. Similarly, the immunofluorescent staining of esophagus, stomach, 

duodenum and rectum showed that ACE2 was stained mainly in the cytoplasm of 

gastrointestinal epithelial cells [43]. Besides, the scRNA-seq data showed that ACE2 

was significantly elevated in the proximal and distal enterocytes [44]. Guo et al 

suggested that TMPRSS2 was highly expressed in almost all organs of the digestive 

tract including colon, stomach, small intestine and esophagus [29]. Using published 

scRNA-seq data and seven in-house normal colon samples, Lee et al reported that the 

co-expressions of ACE2 and TMPRSS2 transcripts were mainly observed in the small 

intestine and colon [45]. The highest expressions of TMPRSS2 and ACE2 were found 

in enterocytes among the intestinal cell types [26].These data showed that TMPRSS2 

and AEC2 are highly expressed in the digestive tract. 

2.5 Nervous system 

Analysis using the GTEx database showed that both TMPRSS2 and ACE2 are 

expressed at relatively low levels in the brain cortex [29]. Chen et al found that ACE2 

was relatively highly expressed in some important brain areas such as the substantia 

nigra and brain ventricles using seven brain transcriptome databases [24]. ACE2 was 

expressed at high level in the piriform cortex of human brain, and its expression could 

also be detected in many neurons including both excitatory and inhibitory neurons, 

and some non-neuron cells including astrocytes and oligodendrocytes in human 

middle temporal gyrus and posterior cingulate cortex [24]. Qi et al analyzed the 

scRNA-seq data of substantia nigra and cortex of brain from GEO database, the 

results showed that both ACE2 and TMPRSS2 were expressed in the oligodendrocyte 

precursor cells and the astrocytes of the substantia nigra and cortex [27]. There are 
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limited reports on the expressions of ACE2 and TMPRSS2 in peripheral nervous 

system. Brann et al analyzed the ACE2 and TMPRSS2 expression in different cell 

type from human scRNA-seq dataset (GSE139522), and found that neither olfactory 

sensory neurons nor olfactory bulb neurons expressed these two genes, while ACE2 

and TMPRSS2 were expressed in the non-neuronal cells including the sustentacular 

cells and olfactory bulb pericytes [46]. These data showed that ACE2 and TMPRSS2 

could also be co-expressed in the nervous system. 

2.6 Other organs or tissues 

Moreover, ACE2 and TMPRSS2 were also reported to be co-expressed in some other 

organs [27, 29, 37, 47]. It has been revealed that both ACE2 and TMPRSS2 are expressed 

in testis by scRNA sequencing and expression profile analysis, indicating that 

testicular cells might be the potential targets of SARS-CoV-2. Another report revealed 

that multiple kinds of cells in the nose, including nasal brushing epithelial cells, nasal 

turbinate epithelial cells, and nasal airway epithelial cells, contained ACE2-expressed 

and TMPRSS2-expressed cell clusters [27]. Moreover, ACE2 and TMPRSS2 were also 

expressed in pancreas, breast, prostate and thyroid [29, 37, 47], and these organs might 

also be the targets of SARS-Cov-2.  
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3. Infection of SARS-CoV-2 and extrapulmonary organ injury of patients with 

COVID-19 

3.1 SARS-CoV-2 infection and cardiac injury 

Recently, autopsy analysis by Fox et al revealed that the histopathology of the heart 

was consistent with the typical pattern of viral myocarditis [48]. SARS-CoV-2 RNA 

was detected in the cardiac tissues of the patients with COVID-19 [49]. These data 

suggested that SARS-CoV-2 may directly infect heart. 

The epidemiology of COVID-19 reported that cardiac injury was one of the most 

severe organ damages [5, 50, 51]. The clinical manifestations of cardiac injury in 

COVID-19 patients are complex and could present with heart failure, arrhythmias or 

acute myocardial infarction (AMI) [5, 52, 53]. Inciardi et al reported the first case who 

had the symptom of heart failure at first and later the patient was positive for 

SARS-CoV-2 using nucleic acid test [52]. Cardiac injury is a common symptom in 

patients with COVID-19. Shi et al reported that 19.7% (82/416) patients with 

COVID-19 had cardiac injury [54]. Moreover, there were 5 (12%) patients with acute 

cardiac injury in a cohort including 41 COVID-19 patients, and 4 (31%) of 13 patients 

with acute cardiac injury in the intensive care unit (ICU) [50]. Furthermore, a study by 

Wang et al showed that there were 10 (7.2%) patients with acute cardiac injury and 23 

(16.7%) patients presented with arrhythmia of 138 COVID-19 patients, while acute 

cardiac injury was observed in 8 (22.2%) of 36 patients with CIVID-19 in the ICU [5]. 

These cases suggested that SARS-CoV-2 may cause serious heart damage, which 

should be widespreadly concerned. Furthermore, acute cardiac injury is more 

prevalent in severe cases with COVID-19 [5, 50, 55-58] (Table 1). And it has been 

reported that COVID-19 patients with cardiac injury had higher mortality than those 

without cardiac injury [54].  

In this review, we also summarized the possible relationship between basic heart 

disease and further cardiac injury [54, 59-62] (Table 2). In a cohort of 416 COVID-19 

patients from Renmin Hospital of Wuhan University, China, Shi et al demonstrated 

that cardiac injury occurred in 82 patients during hospitalization, of which 36 (43.9%) 

had basic heart disease including coronary heart disease and chronic heart failure. And 
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only 25 (7.5%) patients with basic heart disease of 334 COVID-19 patients without 

cardiac injury [54]. Similarly, Liu et al suggested that 5 (33.3%) patients with basic 

heart disease in 15 COVID-19 patients had cardiac injury compared with 10 (3.7%) 

patients with basic cardiovascular diseases of 276 COVID-19 patients without cardiac 

injury [59]. Other studies also indicated that the patients with basic cardiovascular 

disease are more likely to present heat injury in COVID-19 patients [60, 61]. In view of 

the points above, COVID-19 patients with underlying cardiac conditions seem to have 

higher rates of cardiac injury. 

3.2 SARS-CoV-2 infection and kidney injury 

Recently, autopsy analysis on six COVID-19 patients showed that varying degrees of 

acute tubular necrosis were observed in all the renal specimens. Nucleoprotein (NP) 

antigens and NP positive inclusion body of SARS-CoV-2 could be seen in kidney 

tissues from all the samples. Moreover, virus-like particles were seen in kidney tissues 

by transmission electronic microscope (TEM) [63]. Su et al analyzed kidney 

abnormalities in 26 autopsies of patients with COVID-19 and found that diffuse 

proximal tubular damage with the loss of brush border were observed. Further 

investigation showed that diffuse necrosis can be seen under the light microscope and 

electron microscopic examination also showed the clusters of coronavirus particles 

with distinctive spikes in the tubular epithelium and podocytes [64]. It was reported 

that both NP antigens and RNA of SARS-CoV-2 were detected in urine of COVID-19 

patients [65, 66]. These data coincide with the finding of the SARS-CoV-2 invasion in 

kidney. Collectively, SARS-CoV-2 could directly infect human renal tubules and lead 

to kidney damage.  

Recent studies have shown that the incidence of acute kidney injury（AKI） in 

COVID-19 patients ranged from 0.5%-28.5%, and higher frequency of renal function 

damage with elevated blood urea nitrogen (BUN) or serum creatinine (Scr) was 

observed in COVID-19 patients [1, 5, 50, 51, 53, 55-57, 67-73] (Table 3). A study of 193 

patients with COVID-19 indicated that levels of BUN and Scr were increased in 27 

(14.0%) and 20 (10.4%) patients with COVID-19, respectively. And routine urine 
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tests were performed on 129 patients, among which 76 (58.9%) patients were positive 

for urinary protein and 57 (44.2%) patients were positive for hematuria [55]. Another 

study also showed that about 14% patients with COVID-19 had abnormal renal 

function [67]. Moreover, COVID-19 patients with more severe disease progression 

have higher rates of AKI. Huang and colleagues reported that 3 (23.1%) of 13 patients 

with AKI in the ICU were observed, and none of the 28 patients who did not require 

care in the ICU suffered AKI [50]. Xu et al found that the fatality rate was obviously 

higher in COVID-19 patients with AKI than those without renal injury [53]. 

Furthermore, in another study investigating 193 patients with COVID-19 at hospital 

admission, more severe patients had higher rates of AKI, and the Cox regression 

analysis also suggested that COVID-19 patients who developed AKI had a 

significantly higher mortality risk [55]. Therefore, AKI is more prevalent in severe 

cases with COVID-19.  

3.3 SARS-CoV-2 infection and liver injury 

An autopsy report of a 50-year-old patient with COVID-19 showed moderate 

microvesicular steatosis and mild lobular activity in liver tissues [74]. Moreover, Zhao 

et al used human liver ductal organoids as a tool to investigate the SARS-CoV-2 

infection and the tissue damage induced by SARS-CoV-2 ex vivo, and the results 

showed that the expression of SARS-CoV-2 NP was easily detected in the patchy 

areas of the hepatic duct, indicating that liver ductal organoids were susceptible to 

SARS-CoV-2 infection [75]. In addition, SARS-CoV-2 infection could disrupt the 

barrier and bile acid transporting functions of cholangiocytes, which indicated that 

SARS-CoV-2 might directly induce cholangiocyte injury and consequently bile acid 

accumulation [75]. In view of the points above, liver damage in the COVID-19 patients 

might be directly caused by the viral infection. 

Abnormal liver functions were frequently reported in COVID-19 patients [50, 76, 77]. 

Epidemiologic studies showed that almost half of the patients had differing degrees of 

liver damage [1, 5, 50, 51, 53, 55-57, 69-72] (Table 4). Chen et al reported that 28 (28.3%) out 

of 99 patients had elevated alanine aminotransferase (ALT), 35 (35.6%) patients had 

elevated aspartate aminotransferase (AST) and 18 (18.2%) had elevated total bilirubin 
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(TBIL) in Wuhan Jinyintan Hospital, Wuhan, China [1].Similarly, a nationwide study 

involving 1099 patients with COVID-19 in China showed that more than 20% of 

patients had elevated ALT and AST, and 10.5% of patients had elevated TBIL [51]. It 

was revealed that the levels of direct bilirubin, indirect bilirubin, ALT, alkaline 

phosphatase (ALP) and gamma-glutamyltransferase (GGT) were significantly higher 

in males than that in females with COVID-19, and multivariate logistic regression 

analysis showed that male was an important independent risk factor for predicting 

acute liver injury (ALI) in COVID-19 patients [76, 78]. These data indicated that male 

patients with COVID-19 may be more susceptible to liver injury. Furthermore, 

multiple studies found that AST, ALT, and TBIL were significantly higher in patients 

treated in the ICU than that in non-ICU patients [5, 50]. Li et al suggested that among 

the patients with abnormal liver function, moderate and severe types of patients were 

more likely to have liver injury (58.8% and 66.7%, respectively) [79]. Fu et al analyzed 

the relationship between ALI and mortality risk in 355 COVID-19 patients, and the 

results showed that ALI is more common in the critically ill patients and ALI at the 

early stage increased death risk of COVID-19 patients [78, 80]. Together, abnormal liver 

functions might be associated with the severity of patients with COVID-19. 

3.4 SARS-CoV-2 infection and digestive tract injury 

Epithelial cells of the esophagus, stomach, duodenum and rectum in one COVID-19 

patient tested positive for SARS-CoV-2 RNA, and the staining of viral NP was also 

visualized in the cytoplasm of epithelial cells in stomach, duodenum and rectum [43]. 

Moreover, minimally invasive autopsies were performed on three patients died of 

COVID-19, and the results showed that some epithelial cells of the gastrointestinal 

mucosa were degenerated, necrotic and detached [81]. These studies strongly supported 

that SARS-CoV-2 may directly infect the epithelial cells of digestive tract.  

Multiple studies have identified that the SARS-CoV-2 RNA was detected in anal 

swabs [82], rectal swabs [83], and stool specimens [43, 84] of COVID-19 patients. It has 

been demonstrated that SARS-CoV-2 RNA could be detected in feces from more than 

half of COVID-19 patients [43, 85]. In another study, Xing et al reported that 

SARS-CoV-2 RNA was detected in the feces of three pediatric cases with COVID-19 
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in Qingdao, China, and the persistence of SARS-CoV-2 in the digestive tract lasted 

for 6-30 days [84]. The possibility of fecal-oral transmission of SARS-CoV-2 infection 

needs to be taken into account. Furthermore, as shown in Table 5, long duration of 

SARS-CoV-2 detection in digestive tract by RT-PCR has been reported, and viral 

RNA remained detectable in the digestive tract for 2-20 days after nucleic acid turned 

negative in respiratory samples [43, 82-90]. The studies suggested that SARS-CoV-2 

could be detected from respiratory tract specimens during the early period to digestive 

tract specimens during the late period, and viral nucleic acid tests in both the 

respiratory and digestive tract are necessary to confirm the complete clearance of 

virus. 

Some COVID-19 patients presented gastrointestinal symptoms such as diarrhea, 

nausea, vomiting and abdominal pain [91]. Holshue et al reported the first case of 

COVID-19 patient in the USA, which had nausea and vomiting before admission [86]. 

Multiple studies found that gastrointestinal symptoms, including diarrhea 

(2.0%-43.8%), nausea and vomiting (1.0%-20.7%), and abdominal pain 

(2.2%-19.1%), were common at presentation in COVID-19 patients [1, 5, 6, 43, 50, 51, 55, 56, 

58, 70-72, 77, 85, 92-100] (Table 6). In a cohort of 212 patients with COVID-19 in Wuhan, 

China, gastrointestinal symptoms were described in up to 64.5% [93]. Moreover, Sun et 

al showed that 72 (86.7%) critically ill patients with COVID-19 had gastrointestinal 

injury (GI) during hospital stay, and the survival curves showed that the mortalities of 

patients with GI was greater than that of patients without GI [101]. Jin et al also found 

that the rate of the severe type was markedly higher in COVID-19 patients with GI 

symptoms than that in those without GI symptoms [94]. These data suggested that GI is 

one of the common extrapulmonary organ injuries in COVID-19 patients and may be 

related to the severity of the disease. On the other hand, many studies showed that 

patients with COVID-19 could present initially with the typical gastrointestinal 

symptoms, and diarrhoea may even occur earlier than pyrexia or respiratory symptom 

in some cases with COVID-19 [5-7]. Luo et al reported that 183 of 1141 COVID-19 

cases presented initially only with gastrointestinal symptoms [7]. The COVID-19 

patients initially only with gastrointestinal symptoms are more difficult to diagnose 
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and might be overlooked, which could lead to potentially serious consequences. 

Together, digestive tract symptoms (especially diarrhea) are the main complications of 

COVD-19 patients, which should be noticed during the outbreak of COVID-19. 

3.5 SARS-CoV-2 infection and nervous system injury  

Transmission electron microscopy of autopsy sections showed the presence of 

SARS-CoV-2 viral-like particles in frontal lobe brain and neural cell bodies [102]. 

Moreover, researchers confirmed the presence of SARS-CoV-2 in cerebrospinal fluid 

by genome sequencing [103, 104]. The pathological mechanism may be the invasion of 

SARS-CoV-2 into the nervons system. The viral-like particles in brain capillary 

endothelium was also observed [102], which suggested that hematogenous route might 

act as the pathway for SARS-CoV-2 to the brain. In addition, study using the mouse 

model have shown that SARS-CoV can lead to neuroinvasion via disruption of the 

nasal epithelium and subsequent neuronal dissemination [105], which suggested that 

coronavirus may use the olfactory nerve to enter the brain. 

The symptoms from nervous system of COVID-19 patients, including headache, 

dizziness, anosmia, and dysgeusia, have been observed in the clinic [1, 5, 50, 51, 55, 70-72, 

100, 106-108] (Table 7). Disturbance of consciousness and seizures can occur as 

complications in the cases with severe COVID-19 [103]. It was convincing enough that 

the neurological deficits of patients with COVID-19 could be ongoing if it did not get 

noticed [106]. It was indicated that SARS-CoV-2 can cause nervous system damage [104]. 

The neurological deficits, meningo-encephalitis and acute myelitis in COVID-19 

patients have been reported in the USA, Switzerland and China [104, 109-111]. According 

to a recent study, 53 out of 214 (24.8%) COVID-19 patients had central nervous 

system (CNS) symptoms including dizziness, headache, impaired consciousness, 

ataxia, and epilepsy [106]. Up to 70.3% of patients with COVID-19 have headache, and 

clinical manifestations of dizziness were found from 6.7% to 16.8% of the patients 

with COVID-19 [5, 55, 71, 100, 106]. Olfactory and gustatory disorders are prevalent 

peripheral nervous system (PNS) symptoms in COVID-19 patients. In patients with 

mild and moderate COVID-19, a high proportion of patients presented olfactory and 

gustatory dysfunctions, and olfactory dysfunction appeared prior to the other 
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symptoms in some cases [106-108, 112, 113]. These studies showed that the damage of 

neurological system may also act as a significant feature of COVID-19.3.6 Indirect 

causes of extrapulmonary organ injury in patients with COVID-19  

In addition to direct damage caused by the virus, other mechanisms have been 

hypothesized to be involved in the injury of the extrapulmonary organs in patients 

with COVID-19. Recent studies demonstrated that a rapid reduction of T lymphocytes 

was observed in the peripheral blood of COVID-19 patients [74, 114]. Qin et al also 

found that both helper T cells and suppressor T cells in COVID-19 patients were 

decreased [115]. The abnormal innate immune responses could promote virus infection 

and exacerbate extrapulmonary organ injury [116]. Moreover, drugs used in the 

treatment of COVID-19 may cause the damages of extrapulmonary organs. For 

example, most patients with COVID-19 showed signs of gastrointestinal and liver 

damages after being treated with lopinavir-ritonavir [85]. Chloroquine significantly 

prolonged the QTc interval in patients with COVID-19 [117]. Furthermore, hypoxia or 

microthromboses might also be the possible causes for extrapulmonary organ injuries 

in patients with COVID-19 [118]. 
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4. Clinical management for extrapulmonary organ injury in COVID-19 

Until now, there have not been specific treatments for COVID-19 and its management 

is mainly based on patient isolation and supportive medical care when it is necessary. 

In this review, we also focus on the clinical therapies and management for 

extrapulmonary organ injury of COVID-19 patients. 

4.1 Clinical therapy and management for cardiac injury 

Mahmud et al provided a series of clinical recommendations for the care of patients 

with AMI during the COVID-19 progression [119]. Primary percutaneous coronary 

intervention (PCI) should remain the standard for the care of ST-elevation myocardial 

infarction (STEMI) patients with COVID-19, and COVID-19 patients with 

non-STEMI presentation should be managed medically and only be treated with 

urgent coronary angiography and possible PCI in the presence of high-risk clinical 

features or hemodynamic instability. Mechanical circulatory support (MCS) might be 

considered for acardiomyopathy and cardiogenic shock of patients with COVID-19. 

Venous-venous (V-V) extracorporeal membrane oxygenation should be considered for 

the COVID-19 patients with the severe pulmonary decompensation and the failure to 

oxygenate [119]. Kanrenone, furosemide, and bisoprolol may be effective for heart 

failure in COVID-19 patients [52]. In addition, Wang et al proposed that a potential 

anti-oxidative therapy could alleviate cardiogenic casualties caused by COVID-19 

[120]. A proper dose of Vitamin C, Vitamin E, curcumin and baicalin may ameliorate 

cardiac injuries of critically ill patients with COVID-19 [120]. However, some drugs 

used to treat COVID-19, including chloroquine, hydroxychloroquine, azithromycin 

and lopinavirritonavir, may increase the risk of QT prolongation and ventricular 

arrhythmias [117, 121]. Guzik and colleagues advocate follow-up for regular assessment 

of cardiovascular risk in all COVID-19 patients who have survived [122].  

4.2 Clinical therapy and management for kidney injury 

The indicators of kidney damage were associated with high risk of in-hospital death 

of patients with COVID-19 [67]. For the treatment of patients with COVID-19, there 

should be prompt screening for risk factors of AKI and the indicators of kidney 

damage. The use of nephrotoxic drugs should be avoided unless it is absolutely 
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necessary in the treatment of patients with COVID-19 [123]. Cao et al found that 

lopinavir\ritonavir might reduce AKI in the treatment of COVID-19 patients [124]. 

Therefore, clinicians should pay attention to kidney damage and the related treatment 

for patients with COVID-19. 

4.3 Clinical therapy and management for liver injury 

The evaluation of liver function is usually mild during disease progression of 

COVID-19 and could be recovered without treatment [1]. However, severe liver injury 

had also been reported in patients with COVID-19 [1, 78]. When severe liver damage 

occurs, liver protective drugs were usually used for the treatment of patients with 

COVID-19 [125]. It was reported that glycyrrhizic acid and its derivatives might play 

important roles in the treatment of liver disease and also have an antiviral activity 

against SARS-CoV-2 [126, 127]. The artificial liver system (ALS) is one of the effective 

methods for treating liver failure, and its treatment mechanism is based on the ability 

of liver cell regeneration [128]. And ALS is vital to reduce the mortality for critical 

patients with COVID-19 and offers treatment options for COVID-19 patients with 

severe liver injury [129]. 

4.4 Clinical therapy and management for digestive tract injury 

Clinicians should be alert for gastrointestinal symptoms of COVID-19 patients, 

especially as they may occur before the onset of pyrexia and respiratory symptoms. 

Moreover, there might be fecal-oral transmission for SARS-COV-2 [43, 86]. Therefore, 

COVID-19 patients need to pay attention to hand hygiene and contact precautions, 

which could help minimize the risk of exposure and transmission. Diarrhea is the 

most common symptom of the digestive tract injury of COVID-19 patients [93, 94]. 

Adequate fluid rehydration and potassium monitoring should be performed in the 

treatment of COVID-19 patients with diarrhea [130]. Hashimoto et al suggested that 

ACE2 expression in the epithelial cells was required for maintaining amino acid 

homeostasis and the ecology of gut microbiome in intestine [131]. In addition, in a pilot 

study of 15 patients with COVID-19, Zuo et al found that the fecal microbiome 

continued to change during hospitalization, and the change in fecal microbiome was 

associated with the severity of COVID-19 [132]. Therefore, we speculate that 
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gastrointestinal tract symptoms in COVID-19 patients may have some relationship 

with the gut microbiota, and the gut microbiota might be a new therapeutic target. 

Actually the National Health Commission of China recommended that probiotics can 

be used to maintain the balance of intestinal microecology and prevent secondary 

bacterial infection in the treatment of severe patients with COVID-19 [133]. The 

gastrointestinal symptoms of the patients might be relieved and even completely 

disappeared after starting antiviral therapy [134]. Camostat is an effective inhibitor of 

TMPRSS2 and can be used to treat the reflux esophagitis and chronic pancreatitis [135], 

and it may be effective in COVID-19 patients with digestive symptoms. 

4.5 Clinical therapy and management for nervous system injury 

Sudden anosmia needed to be recognized as one of the important symptoms of 

SARS-COV-2 infection. The median onset of acute anosmia and dysgeusia features 

was 3.3 days after onset of COVID-19, and most patients had a rapid recovery, which 

indicated that olfactory dysfunction and dysgeusia may be self-limiting [108]. 

Antiepileptic therapy with lacosamide, levetiracetam and phenytoin was used for 

seizures control in the treatment of COVID-19 patients [136]. SARS-CoV-2 could act 

as an infective trigger and may lead to a systemic inflammatory response syndrome, 

and prompt invasive treatment should be adopted to avoid hypoxic neurotoxicity and 

prevent CNS injuries [136]. In conclusion, clinical physical examination of the nervous 

system, prompt endotracheal intubation and rapid mechanical respiratory support 

should be proposed for the COVID-19 patients with neurological symptoms. 

4.6 Clinical therapy and management for other organs 

There is a potential pathogenicity of SARS-COV-2 to testis, pancreas, breast, prostate 

and thyroid, and functional changes in these organs should also be monitored in the 

management of COVID-19 patients [26, 27, 38]. For example, due to the potential 

pathogenicity of SARS-COV-2 to testicular tissues, the possible testicular damage 

caused by the virus may exist as a late complication [27, 137]. Therefore, clinicians 

should take care of the possible occurrence of orchitis. Following-up and evaluation 

of the reproductive functions should also be done in recovered male patients with 

COVID-19.  
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5. Probable relationship between the infection of extrapulmonary organs and 

positive SARS-CoV-2 test in recovered patients 

So far, more than 1 million patients with COVID-19 have been clinically cured and 

discharged. However, multiple discharged COVID-19 patients were positive for 

SARS-CoV-2 again [138]. In a cohort form Guangdong, China, 14.5% (38/262) of 

convalescent patients from COVID-19 were re-detected to be positive for 

SARS-CoV-2 during their followed-up period [139]. Similarly, the data from Brunei 

Darussalam showed that 19.8% (21/106) recovered patients were found to be 

re-positive for SARS-CoV-2 detection [140]. The re-detectable positive patients were 

confirmed by RT-PCR tests on anal or nasopharyngeal swabs. These studies suggest 

that a proportion of recovered patients still may be virus carriers.  

The SARS-CoV-2 virus could be detected in respiratory specimens, stool, urine, 

serum, kidney tubules and gastrointestinal epithelium from COVID-19 patients [43, 86, 

141, 142]. Moreover, the viral RNA in urine and stool specimens remained positive after 

throat swabs turned negative, and the viral RNA can persist in feces for up to 30 days 

[84, 143]. Yao et al detected SARS-CoV-2 virus by digital PCR on tissue sections from 

the lung, liver, heart, intestine and skin of a COVID-19 patient who was 

ready-for-discharge but died of cardiac arrest. The patient was positive for 

SARS-CoV-2 in the cells and tissues of lung, and the results highlight the remaining 

of SARS-CoV-2 in the lung of discharged COVID-19 patient [144]. In addition, Shastri 

et al demonstrated for the first time that male subjects have delayed viral clearance of 

SARS-CoV-2, and suggested that testicular viral reservoirs may play an important 

role in viral persistence in males [145]. It seemed that SARS-CoV-2 may be stored in 

the lung or extrapulmonary organs, which may be the reason for the virus positive 

again in discharged patients.  Jo
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6. Discussion and Conclusion 

The emergence of the novel coronavirus (SARS-CoV-2) from the late 2019 has 

become one of the most significant public health threats worldwide [1, 50, 146]. In 

addition to respiratory symptoms, SARS-CoV-2 was also shown to cause cardiac 

injury, kidney injury, liver injury, digestive tract injury and other symptoms, which 

indicated the effects of SARS-CoV-2 on extrapulmonary organs. The patients with 

severe COVID-19 were more likely to have acute cardiac injury, acute kidney injury, 

liver injury, gastrointestinal injury or nervous system injury [5, 50, 79, 94, 103]. ACE2 and 

TMPRSS2 could help SARS-CoV-2 entry into the human cells, and it has been 

showed that ACE2 and TMPRSS2 expressions are widely distributed across human 

tissues including lung, liver, kidney, heart, brain and multiple digestive tract organs [28, 

33, 147, 148]. The co-expression of ACE2 and TMPRSS2 in the intestinal enterocytes 

may explain the disruption of intestinal absorption that leads to diarrhea [38, 149]. 

Moreover, ACE2 and TMPRSS2 are highly expressed in renal tubular cells, implying 

that SARS-CoV-2 may directly bind to ACE2-positive cells in the kidney and destroy 

the function of renal tubules [32, 38]. Furthermore, ACE2 and TMPRSS2 were 

co-expressed in heart, which may be related with the attack of SARS-CoV-2 in heart 

and lead to cardiac injury in patients with COVID-19 [29, 35, 38]. Besides, the expression 

of ACE2 in the heart tissue of patients with underlying heart disease was higher than 

that of normal people, which may explain that COVID-19 patients with basic 

cardiovascular disease are more likely to progress to heat injury [35, 36]. It is 

noteworthy that all datasets confirm a consistently high expression of ACE2 in the 

testis, some datasets found that ACE2 and TMPRSS2 were also co-expressed in the 

testis, which indicated that testis are the potential targets of SARS-CoV-2 [26, 27, 148]. 

Pan et al reported that 19% (6/34) of mild to moderate COVID-19 patients had scrotal 

discomfort as one of the symptoms, while SARS-COV-2 was not detected in semen of 

these patients with COVID-19 [150]. In another study, Li et al indicated the presence of 

SARS-CoV-2 in semen samples of six COVID-19 patients [151]. The direct influence 

of this virus on the male urogenital organs is still to be evaluated [152]. However, 

clinicians still should assess the reproductive function of male COVID-19 patients for 
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prognosis. It was also found that the expression of ACE2 in adipose tissue was 

relatively high, which indicated that infection of SARS-CoV-2 may be related with 

obesity [34, 35].  

Recent studies of the epidemiological characteristics of COVID-19 have revealed that 

severe infection is more likely to occur in people with an existing chronic medical 

condition [1, 58]. Pinto et al analyzed over 700 lung transcriptome samples of severe 

COVID-19 patients with comorbidities and found that ACE2 was expressed at higher 

level in these patients compared to other groups, indicating that patients with 

comorbidities may have higher chances of developing severe COVID-19 [153]. 

Furthermore, the significantly higher expressions of ACE2 were detected in cardiac 

tissues of patients with heart failure and tumor tissues of patients with colorectal 

cancer, cervical squamous cell carcinoma, endocervical adenocarcinoma, pancreatic 

adenocarcinoma, rectum adenocarcinoma or kidney renal papillary cell carcinoma [35, 

154-156]. Patients with cancer had a higher risk of COVID-19 than those without cancer 

[157]. Moreover, cancer history is one of the independent risk factors for mortality in 

hospitalized COVID-19 patients [158]. These studies may indicate that patients with 

existing chronic medical conditions are susceptible to the SARS-CoV-2 infection. 

The understanding of the transmission routes for SARS-CoV-2 infection is crucial in 

controlling the outbreak. Respiratory droplets and close contact have been confirmed 

as the main transmission routes of SARS-CoV-2 [1, 50, 159]. The high expressions of 

ACE2 and TMPRSS2 in the digestive tract [26, 149] and the detection of SARS-CoV-2 

in gastrointestinal tissue samples and feces [43, 89], imply a fecal-oral transmission 

route for SARS-CoV-2 infection. Although it has been reported that ACE2 is 

expressed in human placenta, which provides a theoretical basis for the risk of vertical 

transmission of SARS-CoV-2, the existence of mother-to-child transmission of 

SARS-CoV-2 remains controversial [160]. 

Extrapulmonary organ injuries of patients with COVID-19 present a challenge to the 

clinician for the clinical diagnosis and treatment. More attention should be paid to the 

early clinical manifestations of extrapulmonary organs in patients with COVID-19, 

and clinicians should closely monitor the functions of extrapulmonary organs during 
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the treatment of COVID-19.In conclusion, the distribution of ACE2 and TMPRSS2, 

which could help the entry of SARS-CoV-2 into the cells, provides us with a better 

understanding for the infection of extrapulmonary organs and the transmission routes 

of SARS-CoV-2. In addition, the understanding of ACE2 and TMPRSS2 in 

extrapulmonary organs could provide some theories and suggestions for the 

treatments of the patients with COVID-19. 

 

Conflict of interest statement 

All authors declare no conflicts of interest 

 

Acknowledgment 

 

 

This review was supported by grants from the National Natural Science Foundation of 

China [grant number: 81873976, 31770837] and the Key Research and Development 

Program of Shandong Province [grant number: 2019GSF108148]. 

  

Jo
ur

na
l P

re
-p

ro
of



References: 

 

[1] Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, Qiu Y, et al. Epidemiological and clinical 

characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive 

study. Lancet 2020;395:507-513. 

[2] Gorbalenya AE, Baker SC, Baric RS, de Groot RJ, Drosten C, Gulyaeva AA, Haagmans BL, et 

al. Severe acute respiratory syndrome-related coronavirus: The species and its viruses – a 

statement of the Coronavirus Study Group. bioRxiv 2020:2020.2002.2007.937862. 

[3] Chan JF, Kok KH, Zhu Z, Chu H, To KK, Yuan S, Yuen KY. Genomic characterization of the 

2019 novel human-pathogenic coronavirus isolated from a patient with atypical pneumonia after 

visiting Wuhan. Emerg Microbes Infect 2020;9:221-236. 

[4] Xu X, Chen P, Wang J, Feng J, Zhou H, Li X, Zhong W, et al. Evolution of the novel 

coronavirus from the ongoing Wuhan outbreak and modeling of its spike protein for risk of human 

transmission. Sci China Life Sci 2020;63:457-460. 

[5] Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, Wang B, et al. Clinical Characteristics of 138 

Hospitalized Patients With 2019 Novel Coronavirus-Infected Pneumonia in Wuhan, China. Jama 

2020;323:1061-1069. 

[6] Liu K, Fang YY, Deng Y, Liu W, Wang MF, Ma JP, Xiao W, et al. Clinical characteristics of 

novel coronavirus cases in tertiary hospitals in Hubei Province. Chin Med J (Engl) 

2020;133:1025-1031. 

[7] Luo S, Zhang X, Xu H. Don't Overlook Digestive Symptoms in Patients With 2019 Novel 

Coronavirus Disease (COVID-19). Clin Gastroenterol Hepatol 2020;18:1636-1637. 

[8] Tipnis SR, Hooper NM, Hyde R, Karran E, Christie G, Turner AJ. A human homolog of 

angiotensin-converting enzyme. Cloning and functional expression as a captopril-insensitive 

carboxypeptidase. J Biol Chem 2000;275:33238-33243. 

[9] Hamming I, Cooper ME, Haagmans BL, Hooper NM, Korstanje R, Osterhaus AD, Timens W, 

et al. The emerging role of ACE2 in physiology and disease. J Pathol 2007;212:1-11. 

[10] Li W, Moore MJ, Vasilieva N, Sui J, Wong SK, Berne MA, Somasundaran M, et al. 

Angiotensin-converting enzyme 2 is a functional receptor for the SARS coronavirus. Nature 

2003;426:450-454. 

[11] Lan J, Ge J, Yu J, Shan S, Zhou H, Fan S, Zhang Q, et al. Structure of the SARS-CoV-2 spike 

receptor-binding domain bound to the ACE2 receptor. Nature 2020;581:215-220. 

[12] Iwata-Yoshikawa N, Okamura T, Shimizu Y, Hasegawa H, Takeda M, Nagata N. TMPRSS2 

Contributes to Virus Spread and Immunopathology in the Airways of Murine Models after 

Coronavirus Infection. J Virol 2019;93. 

[13] Li F, Li W, Farzan M, Harrison SC. Structure of SARS coronavirus spike receptor-binding 

domain complexed with receptor. Science 2005;309:1864-1868. 

[14] Zumla A, Chan JF, Azhar EI, Hui DS, Yuen KY. Coronaviruses - drug discovery and 

therapeutic options. Nat Rev Drug Discov 2016;15:327-347. 

[15] Heurich A, Hofmann-Winkler H, Gierer S, Liepold T, Jahn O, Pöhlmann S. TMPRSS2 and 

ADAM17 cleave ACE2 differentially and only proteolysis by TMPRSS2 augments entry driven 

by the severe acute respiratory syndrome coronavirus spike protein. J Virol 2014;88:1293-1307. 

[16] Shen LW, Mao HJ, Wu YL, Tanaka Y, Zhang W. TMPRSS2: A potential target for treatment 

of influenza virus and coronavirus infections. Biochimie 2017;142:1-10. 

Jo
ur

na
l P

re
-p

ro
of



[17] Hoffmann M, Kleine-Weber H, Schroeder S, Krüger N, Herrler T, Erichsen S, Schiergens TS, 

et al. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically 

Proven Protease Inhibitor. Cell 2020;181:271-280.e278. 

[18] Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, Si HR, et al. A pneumonia outbreak 

associated with a new coronavirus of probable bat origin. Nature 2020;579:270-273. 

[19] Walls AC, Park YJ, Tortorici MA, Wall A, McGuire AT, Veesler D. Structure, Function, and 

Antigenicity of the SARS-CoV-2 Spike Glycoprotein. Cell 2020;181:281-292.e286. 

[20] Ju B, Zhang Q, Ge J, Wang R, Sun J, Ge X, Yu J, et al. Human neutralizing antibodies elicited 

by SARS-CoV-2 infection. Nature 2020. 

[21] Haywood AM. Virus receptors: binding, adhesion strengthening, and changes in viral 

structure. J Virol 1994;68:1-5. 

[22] Nowakowski TJ, Pollen AA, Di Lullo E, Sandoval-Espinosa C, Bershteyn M, Kriegstein AR. 

Expression Analysis Highlights AXL as a Candidate Zika Virus Entry Receptor in Neural Stem 

Cells. Cell Stem Cell 2016;18:591-596. 

[23] Sungnak W, Huang N, Bécavin C, Berg M, Queen R, Litvinukova M, Talavera-López C, et al. 

SARS-CoV-2 entry factors are highly expressed in nasal epithelial cells together with innate 

immune genes. Nat Med 2020;26:681-687. 

[24] Chen R, Yu J, Wang K, Howard D, French L, Chen Z, Wen C, et al. The spatial and cell-type 

distribution of SARS-CoV-2 receptor ACE2 in human and mouse brain. bioRxiv 

2020:2020.2004.2007.030650. 

[25] Zou X, Chen K, Zou J, Han P, Hao J, Han Z. Single-cell RNA-seq data analysis on the 

receptor ACE2 expression reveals the potential risk of different human organs vulnerable to 

2019-nCoV infection. Front Med 2020;14:185-192. 

[26] Zhou L, Niu Z, Jiang X, Zhang Z, Zheng Y, Wang Z, Zhu Y, et al. Systemic analysis of tissue 

cells potentially vulnerable to SARS-CoV-2 infection by the protein-proofed single-cell RNA 

profiling of ACE2, TMPRSS2 and Furin proteases. bioRxiv 2020:2020.2004.2006.028522. 

[27] Qi J, Zhou Y, Hua J, Zhang L, Bian J, Liu B, Zhao Z, et al. The scRNA-seq expression 

profiling of the receptor ACE2 and the cellular protease TMPRSS2 reveals human organs 

susceptible to COVID-19 infection. bioRxiv 2020:2020.2004.2016.045690. 

[28] Zhao Y, Zhao Z, Wang Y, Zhou Y, Ma Y, Zuo W. Single-cell RNA expression profiling of 

ACE2, the receptor of SARS-CoV-2. bioRxiv 2020:2020.2001.2026.919985. 

[29] Guo A-X, Cui J-J, OuYang Q-Y, He L, Guo C-X, Yin J-Y. The clinical characteristics and 

mortal causes analysis of COVID-19 death patients. medRxiv 2020:2020.2004.2012.20062380. 

[30] WU C, Zheng S, Chen Y, Zheng M. Single-cell RNA expression profiling of ACE2, the 

putative receptor of Wuhan 2019-nCoV, in the nasal tissue. medRxiv 

2020:2020.2002.2011.20022228. 

[31] Pan XW, Xu D, Zhang H, Zhou W, Wang LH, Cui XG. Identification of a potential 

mechanism of acute kidney injury during the COVID-19 outbreak: a study based on single-cell 

transcriptome analysis. Intensive Care Med 2020:1-3. 

[32] Lin W, Hu L, Zhang Y, Ooi JD, Meng T, Jin P, Ding X, et al. Single-cell Analysis of ACE2 

Expression in Human Kidneys and Bladders Reveals a Potential Route of 2019-nCoV Infection. 

bioRxiv 2020:2020.2002.2008.939892. 

[33] Zhang H, Kang Z, Gong H, Xu D, Wang J, Li Z, Cui X, et al. The digestive system is a 

potential route of 2019-nCov infection: a bioinformatics analysis based on single-cell 

Jo
ur

na
l P

re
-p

ro
of



transcriptomes. bioRxiv 2020:2020.2001.2030.927806. 

[34] Barker H, Parkkila S. Bioinformatic characterization of angiotensin-converting enzyme 2, the 

entry receptor for SARS-CoV-2. bioRxiv 2020:2020.2004.2013.038752. 

[35] Chen L, Li X, Chen M, Feng Y, Xiong C. The ACE2 expression in human heart indicates new 

potential mechanism of heart injury among patients infected with SARS-CoV-2. Cardiovasc Res 

2020;116:1097-1100. 

[36] Burrell LM, Risvanis J, Kubota E, Dean RG, MacDonald PS, Lu S, Tikellis C, et al. 

Myocardial infarction increases ACE2 expression in rat and humans. Eur Heart J 2005;26:369-375; 

discussion 322-364. 

[37] Fan C, Li K, Ding Y, Lu WL, Wang J. ACE2 Expression in Kidney and Testis May Cause 

Kidney and Testis Damage After 2019-nCoV Infection. medRxiv 

2020:2020.2002.2012.20022418. 

[38] Suryawanshi H, Morozov P, Muthukumar T, tenOever BR, Yamaji M, Williams Z, Tuschl T. 

Cell-Type-Specific Expression of Renin-Angiotensin-System Components in the Human Body 

and Its Relevance to SARS-CoV-2 Infection. bioRxiv 2020:2020.2004.2011.034603. 

[39] Chai X, Hu L, Zhang Y, Han W, Lu Z, Ke A, Zhou J, et al. Specific ACE2 Expression in 

Cholangiocytes May Cause Liver Damage After 2019-nCoV Infection. bioRxiv 

2020:2020.2002.2003.931766. 

[40] Wen Seow JJ, Pai R, Mishra A, Shepherdson E, Hon Lim TK, Goh BK, Chan JK, et al. 

scRNA-seq reveals ACE2 and TMPRSS2 expression in TROP2<sup>+</sup> Liver Progenitor 

Cells: Implications in COVID-19 associated Liver Dysfunction. bioRxiv 

2020:2020.2003.2023.002832. 

[41] Gui M, Song W, Zhou H, Xu J, Chen S, Xiang Y, Wang X. Cryo-electron microscopy 

structures of the SARS-CoV spike glycoprotein reveal a prerequisite conformational state for 

receptor binding. Cell Res 2017;27:119-129. 

[42] Harmer D, Gilbert M, Borman R, Clark KL. Quantitative mRNA expression profiling of ACE 

2, a novel homologue of angiotensin converting enzyme. FEBS Lett 2002;532:107-110. 

[43] Xiao F, Tang M, Zheng X, Liu Y, Li X, Shan H. Evidence for Gastrointestinal Infection of 

SARS-CoV-2. Gastroenterology 2020;158:1831-1833.e1833. 

[44] Liang W, Feng Z, Rao S, Xiao C, Xue X, Lin Z, Zhang Q, et al. Diarrhoea may be 

underestimated: a missing link in 2019 novel coronavirus. Gut 2020;69:1141-1143. 

[45] Lee JJ, Kopetz S, Vilar E, Shen JP, Chen K, Maitra A. Relative Abundance of SARS-CoV-2 

Entry Genes in the Enterocytes of the Lower Gastrointestinal Tract. bioRxiv 

2020:2020.2004.2008.033001. 

[46] Brann DH, Tsukahara T, Weinreb C, Lipovsek M, Van den Berge K, Gong B, Chance R, et al. 

Non-neuronal expression of SARS-CoV-2 entry genes in the olfactory system suggests 

mechanisms underlying COVID-19-associated anosmia. bioRxiv 2020:2020.2003.2025.009084. 

[47] Song H, Seddighzadeh B, Cooperberg MR, Huang FW. Expression of ACE2, the 

SARS-CoV-2 Receptor, and TMPRSS2 in Prostate Epithelial Cells. Eur Urol 2020. 

[48] Fox SE, Akmatbekov A, Harbert JL, Li G, Brown JQ, Vander Heide RS. Pulmonary and 

Cardiac Pathology in Covid-19: The First Autopsy Series from New Orleans. medRxiv 

2020:2020.2004.2006.20050575. 

[49] Bradley BT, Maioli H, Johnston R, Chaudhry I, Fink SL, Xu H, Najafian B, et al. 

Histopathology and Ultrastructural Findings of Fatal COVID-19 Infections. medRxiv 

Jo
ur

na
l P

re
-p

ro
of



2020:2020.2004.2017.20058545. 

[50] Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, et al. Clinical features of patients 

infected with 2019 novel coronavirus in Wuhan, China. Lancet 2020;395:497-506. 

[51] Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, Liu L, et al. Clinical Characteristics of 

Coronavirus Disease 2019 in China. N Engl J Med 2020;382:1708-1720. 

[52] Inciardi RM, Lupi L, Zaccone G, Italia L, Raffo M, Tomasoni D, Cani DS, et al. Cardiac 

Involvement in a Patient With Coronavirus Disease 2019 (COVID-19). JAMA Cardiol 2020. 

[53] Xu S, Fu L, Fei J, Xiang H-X, Xiang Y, Tan Z-X, Li M-D, et al. Acute kidney injury at early 

stage as a negative prognostic indicator of patients with COVID-19: a hospital-based retrospective 

analysis. medRxiv 2020:2020.2003.2024.20042408. 

[54] Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, Gong W, et al. Association of Cardiac Injury 

With Mortality in Hospitalized Patients With COVID-19 in Wuhan, China. JAMA Cardiol 2020. 

[55] Li Z, Wu M, Yao J, Guo J, Liao X, Song S, Li J, et al. Caution on Kidney Dysfunctions of 

COVID-19 Patients. medRxiv 2020:2020.2002.2008.20021212. 

[56] Chen T, Wu D, Chen H, Yan W, Yang D, Chen G, Ma K, et al. Clinical characteristics of 113 

deceased patients with coronavirus disease 2019: retrospective study. Bmj 2020;368:m1091. 

[57] Hong KS, Lee KH, Chung JH, Shin KC, Choi EY, Jin HJ, Jang JG, et al. Clinical Features 

and Outcomes of 98 Patients Hospitalized with SARS-CoV-2 Infection in Daegu, South Korea: A 

Brief Descriptive Study. Yonsei Med J 2020;61:431-437. 

[58] Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, Xiang J, et al. Clinical course and risk factors for 

mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. 

Lancet 2020;395:1054-1062. 

[59] liu y, Li J, liu D, Song H, chen C, lv M, pei X, et al. Clinical features and outcomes of 2019 

novel coronavirus-infected patients with cardiac injury. medRxiv 2020:2020.2003.2011.20030957. 

[60] Xu H, Hou K, Xu H, Li Z, Chen H, Zhang N, Xu R, et al. Acute Myocardial Injury of 

Patients with Coronavirus Disease 2019. medRxiv 2020:2020.2003.2005.20031591. 

[61] Ma K-L, Liu Z-H, Cao C-f, Liu M-K, Liao J, Zou J-B, Kong L-X, et al. COVID-19 

Myocarditis and Severity Factors ：  An Adult Cohort Study. medRxiv 

2020:2020.2003.2019.20034124. 

[62] Guo T, Fan Y, Chen M, Wu X, Zhang L, He T, Wang H, et al. Cardiovascular Implications of 

Fatal Outcomes of Patients With Coronavirus Disease 2019 (COVID-19). JAMA Cardiol 2020. 

[63] Diao B, Wang C, Wang R, Feng Z, Tan Y, Wang H, Wang C, et al. Human Kidney is a Target 

for Novel Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Infection. medRxiv 

2020:2020.2003.2004.20031120. 

[64] Su H, Yang M, Wan C, Yi LX, Tang F, Zhu HY, Yi F, et al. Renal histopathological analysis of 

26 postmortem findings of patients with COVID-19 in China. Kidney Int 2020. 

[65] Wang L, Li X, Chen H, Yan S, Li D, Li Y, Gong Z. Coronavirus Disease 19 Infection Does 

Not Result in Acute Kidney Injury: An Analysis of 116 Hospitalized Patients from Wuhan, China. 

Am J Nephrol 2020;51:343-348. 

[66] Diao B, Wen K, Chen J, Liu Y, Yuan Z, Han C, Chen J, et al. Diagnosis of Acute Respiratory 

Syndrome Coronavirus 2 Infection by Detection of Nucleocapsid Protein. medRxiv 

2020:2020.2003.2007.20032524. 

[67] Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, Li J, et al. Kidney disease is 

Jo
ur

na
l P

re
-p

ro
of



associated with in-hospital death of patients with COVID-19. Kidney Int 2020;97:829-838. 

[68] Xiao G, Hu H, Wu F, Sha T, Huang Q, Li H, Han J, et al. Acute kidney injury in patients 

hospitalized with COVID-19 in Wuhan, China: A single-center retrospective observational study. 

medRxiv 2020:2020.2004.2006.20055194. 

[69] Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson KW, Barnaby 

DP, et al. Presenting Characteristics, Comorbidities, and Outcomes Among 5700 Patients 

Hospitalized With COVID-19 in the New York City Area. Jama 2020;323:2052-2059. 

[70] Wan S, Xiang Y, Fang W, Zheng Y, Li B, Hu Y, Lang C, et al. Clinical features and treatment 

of COVID-19 patients in northeast Chongqing. J Med Virol 2020. 

[71] Li X, Xu S, Yu M, Wang K, Tao Y, Zhou Y, Shi J, et al. Risk factors for severity and mortality 

in adult COVID-19 inpatients in Wuhan. J Allergy Clin Immunol 2020. 

[72] Qian GQ, Yang NB, Ding F, Ma AHY, Wang ZY, Shen YF, Shi CW, et al. Epidemiologic and 

Clinical Characteristics of 91 Hospitalized Patients with COVID-19 in Zhejiang, China: A 

retrospective, multi-centre case series. Qjm 2020. 

[73] Pei G, Zhang Z, Peng J, Liu L, Zhang C, Yu C, Ma Z, et al. Renal Involvement and Early 

Prognosis in Patients with COVID-19 Pneumonia. J Am Soc Nephrol 2020. 

[74] Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, Liu S, et al. Pathological findings of 

COVID-19 associated with acute respiratory distress syndrome. Lancet Respir Med 

2020;8:420-422. 

[75] Zhao B, Ni C, Gao R, Wang Y, Yang L, Wei J, Lv T, et al. Recapitulation of SARS-CoV-2 

infection and cholangiocyte damage with human liver ductal organoids. Protein Cell 2020:1-5. 

[76] Fan Z, Chen L, Li J, Cheng X, Yang J, Tian C, Zhang Y, et al. Clinical Features of 

COVID-19-Related Liver Functional Abnormality. Clin Gastroenterol Hepatol 

2020;18:1561-1566. 

[77] Shi H, Han X, Jiang N, Cao Y, Alwalid O, Gu J, Fan Y, et al. Radiological findings from 81 

patients with COVID-19 pneumonia in Wuhan, China: a descriptive study. Lancet Infect Dis 

2020;20:425-434. 

[78] Fu L, Fei J, Xu S, Xiang H-X, Xiang Y, Tan Z-X, Li M-D, et al. Acute liver injury and its 

association with death risk of patients with COVID-19: a hospital-based prospective case-cohort 

study. medRxiv 2020:2020.2004.2002.20050997. 

[79] Li L, Li S, Xu M, Yu P, Zheng S, Duan Z, Liu J, et al. Risk factors related to hepatic injury in 

patients with corona virus disease 2019. medRxiv 2020:2020.2002.2028.20028514. 

[80] Yao N, Wang SN, Lian JQ, Sun YT, Zhang GF, Kang WZ, Kang W. [Clinical characteristics 

and influencing factors of patients with novel coronavirus pneumonia combined with liver injury 

in Shaanxi region]. Zhonghua Gan Zang Bing Za Zhi 2020;28:E003. 

[81] Yao XH, Li TY, He ZC, Ping YF, Liu HW, Yu SC, Mou HM, et al. A pathological report of 

three COVID-19 cases by minimally invasive autopsies. Zhonghua Bing Li Xue Za Zhi 

2020;49:E009. 

[82] Zhang W, Du RH, Li B, Zheng XS, Yang XL, Hu B, Wang YY, et al. Molecular and 

serological investigation of 2019-nCoV infected patients: implication of multiple shedding routes. 

Emerg Microbes Infect 2020;9:386-389. 

[83] Tan LV, Ngoc NM, That BTT, Uyen LTT, Hong NTT, Dung NTP, Nhu LNT, et al. Duration of 

viral detection in throat and rectum of a patient with COVID-19. medRxiv 

2020:2020.2003.2007.20032052. 

Jo
ur

na
l P

re
-p

ro
of



[84] Xing Y, Ni W, Wu Q, Li W, Li G, Tong J, Song X, et al. Prolonged presence of SARS-CoV-2 

in feces of pediatric patients during the convalescent phase. medRxiv 

2020:2020.2003.2011.20033159. 

[85] Young BE, Ong SWX, Kalimuddin S, Low JG, Tan SY, Loh J, Ng OT, et al. Epidemiologic 

Features and Clinical Course of Patients Infected With SARS-CoV-2 in Singapore. Jama 

2020;323:1488-1494. 

[86] Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J, Bruce H, Spitters C, et al. First 

Case of 2019 Novel Coronavirus in the United States. N Engl J Med 2020;382:929-936. 

[87] Lescure FX, Bouadma L, Nguyen D, Parisey M, Wicky PH, Behillil S, Gaymard A, et al. 

Clinical and virological data of the first cases of COVID-19 in Europe: a case series. Lancet Infect 

Dis 2020. 

[88] Tang A, Tong ZD, Wang HL, Dai YX, Li KF, Liu JN, Wu WJ, et al. Detection of Novel 

Coronavirus by RT-PCR in Stool Specimen from Asymptomatic Child, China. Emerg Infect Dis 

2020;26:1337-1339. 

[89] Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, Tan W. Detection of SARS-CoV-2 in Different 

Types of Clinical Specimens. Jama 2020;323:1843-1844. 

[90] Xu Y, Li X, Zhu B, Liang H, Fang C, Gong Y, Guo Q, et al. Characteristics of pediatric 

SARS-CoV-2 infection and potential evidence for persistent fecal viral shedding. Nat Med 

2020;26:502-505. 

[91] Gu J, Han B, Wang J. COVID-19: Gastrointestinal Manifestations and Potential Fecal-Oral 

Transmission. Gastroenterology 2020;158:1518-1519. 

[92] Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, Wu Y, et al. Clinical course and outcomes of 

critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, 

retrospective, observational study. Lancet Respir Med 2020;8:475-481. 

[93] Zhang Y. Gastrointestinal tract symptoms in coronavirus disease 2019: Analysis of clinical 

symptoms in adult patients. medRxiv 2020:2020.2003.2023.20040279. 

[94] Jin X, Lian JS, Hu JH, Gao J, Zheng L, Zhang YM, Hao SR, et al. Epidemiological, clinical 

and virological characteristics of 74 cases of coronavirus-infected disease 2019 (COVID-19) with 

gastrointestinal symptoms. Gut 2020;69:1002-1009. 

[95] Song F, Shi N, Shan F, Zhang Z, Shen J, Lu H, Ling Y, et al. Emerging 2019 Novel 

Coronavirus (2019-nCoV) Pneumonia. Radiology 2020;295:210-217. 

[96] Lu X, Zhang L, Du H, Zhang J, Li YY, Qu J, Zhang W, et al. SARS-CoV-2 Infection in 

Children. N Engl J Med 2020;382:1663-1665. 

[97] Xu XW, Wu XX, Jiang XG, Xu KJ, Ying LJ, Ma CL, Li SB, et al. Clinical findings in a group 

of patients infected with the 2019 novel coronavirus (SARS-Cov-2) outside of Wuhan, China: 

retrospective case series. Bmj 2020;368:m606. 

[98] Zhang JJ, Dong X, Cao YY, Yuan YD, Yang YB, Yan YQ, Akdis CA, et al. Clinical 

characteristics of 140 patients infected with SARS-CoV-2 in Wuhan, China. Allergy 2020. 

[99] Lian J, Jin X, Hao S, Jia H, Cai H, Zhang X, Hu J, et al. Epidemiological, clinical, and 

virological characteristics of 465 hospitalized cases of coronavirus disease 2019 (COVID-19) 

from Zhejiang province in China. Influenza Other Respir Viruses 2020. 

[100] Lechien JR, Chiesa-Estomba CM, Place S, Van Laethem Y, Cabaraux P, Mat Q, Huet K, et 

al. Clinical and Epidemiological Characteristics of 1,420 European Patients with mild-to-moderate 

Coronavirus Disease 2019. J Intern Med 2020. 

Jo
ur

na
l P

re
-p

ro
of



[101] Sun J-K. Acute gastrointestinal injury in critically ill patients with coronavirus disease 2019 

in Wuhan, China. medRxiv 2020:2020.2003.2025.20043570. 

[102] Paniz-Mondolfi A, Bryce C, Grimes Z, Gordon RE, Reidy J, Lednicky J, Sordillo EM, et al. 

Central Nervous System Involvement by Severe Acute Respiratory Syndrome Coronavirus -2 

(SARS-CoV-2). J Med Virol 2020. 

[103] Moriguchi T, Harii N, Goto J, Harada D, Sugawara H, Takamino J, Ueno M, et al. A first 

case of meningitis/encephalitis associated with SARS-Coronavirus-2. Int J Infect Dis 

2020;94:55-58. 

[104] Zhou L, Zhang M, Wang J, Gao J. Sars-Cov-2: Underestimated damage to nervous system. 

Travel Med Infect Dis 2020:101642. 

[105] Netland J, Meyerholz DK, Moore S, Cassell M, Perlman S. Severe acute respiratory 

syndrome coronavirus infection causes neuronal death in the absence of encephalitis in mice 

transgenic for human ACE2. J Virol 2008;82:7264-7275. 

[106] Mao L, Jin H, Wang M, Hu Y, Chen S, He Q, Chang J, et al. Neurologic Manifestations of 

Hospitalized Patients With Coronavirus Disease 2019 in Wuhan, China. JAMA Neurol 2020. 

[107] Lechien JR, Chiesa-Estomba CM, De Siati DR, Horoi M, Le Bon SD, Rodriguez A, 

Dequanter D, et al. Olfactory and gustatory dysfunctions as a clinical presentation of 

mild-to-moderate forms of the coronavirus disease (COVID-19): a multicenter European study. 

Eur Arch Otorhinolaryngol 2020:1-11. 

[108] Levinson R, Elbaz M, Ben-Ami R, Shasha D, Levinson T, Choshen G, Petrov K, et al. 

Anosmia and dysgeusia in patients with mild SARS-CoV-2 infection. medRxiv 

2020:2020.2004.2011.20055483. 

[109] Zhang T, Rodricks MB, Hirsh E. COVID-19-Associated Acute Disseminated 

Encephalomyelitis: A Case Report. medRxiv 2020:2020.2004.2016.20068148. 

[110] Bernard-Valnet R, Pizzarotti B, Anichini A, Demars Y, Russo E, Schmidhauser M, 

Cerutti-Sola J, et al. Two patients with acute meningo-encephalitis concomitant to SARS-CoV-2 

infection. Eur J Neurol 2020. 

[111] Zhao K, Huang J, Dai D, Feng Y, Liu L, Nie S. Acute myelitis after SARS-CoV-2 infection: 

a case report. medRxiv 2020:2020.2003.2016.20035105. 

[112] Gane SB, Kelly C, Hopkins C. Isolated sudden onset anosmia in COVID-19 infection. A 

novel syndrome? Rhinology 2020. 

[113] Bagheri SHR, Asghari AM, Farhadi M, Shamshiri AR, Kabir A, Kamrava SK, Jalessi M, et 

al. Coincidence of COVID-19 epidemic and olfactory dysfunction outbreak. medRxiv 

2020:2020.2003.2023.20041889. 

[114] Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, Wang T, et al. Clinical and immunologic 

features in severe and moderate forms of Coronavirus Disease 2019. medRxiv 

2020:2020.2002.2016.20023903. 

[115] Qin C, Zhou L, Hu Z, Zhang S, Yang S, Tao Y, Xie C, et al. Dysregulation of immune 

response in patients with COVID-19 in Wuhan, China. Clin Infect Dis 2020. 

[116] Alqahtani SA, Schattenberg JM. Liver injury in COVID-19: The current evidence. United 

European Gastroenterol J 2020;8:509-519. 

[117] van den Broek MPH, Möhlmann JE, Abeln BGS, Liebregts M, van Dijk VF, van de Garde 

EMW. Chloroquine-induced QTc prolongation in COVID-19 patients. Neth Heart J 2020:1-4. 

[118] Morgan K, Samuel K, Vandeputte M, Hayes PC, Plevris JN. SARS-CoV-2 Infection and the 

Jo
ur

na
l P

re
-p

ro
of



Liver. Pathogens 2020;9. 

[119] Mahmud E, Dauerman HL, Welt FG, Messenger JC, Rao SV, Grines C, Mattu A, et al. 

Management of Acute Myocardial Infarction During the COVID-19 Pandemic. J Am Coll Cardiol 

2020. 

[120] Wang JZ, Zhang RY, Bai J. An anti-oxidative therapy for ameliorating cardiac injuries of 

critically ill COVID-19-infected patients. Int J Cardiol 2020. 

[121] Sapp JL, Alqarawi W, MacIntyre CJ, Tadros R, Steinberg C, Roberts JD, Laksman Z, et al. 

Guidance on Minimizing Risk of Drug-Induced Ventricular Arrhythmia During Treatment of 

COVID-19: A Statement from the Canadian Heart Rhythm Society. Can J Cardiol 2020. 

[122] Guzik TJ, Mohiddin SA, Dimarco A, Patel V, Savvatis K, Marelli-Berg FM, Madhur MS, et 

al. COVID-19 and the cardiovascular system: implications for risk assessment, diagnosis, and 

treatment options. Cardiovasc Res 2020. 

[123] Yang XH, Sun RH, Zhao MY, Chen EZ, Liu J, Wang HL, Yang RL, et al. Expert 

recommendations on blood purification treatment protocol for patients with severe COVID-19: 

Recommendation and consensus. Chronic Dis Transl Med 2020. 

[124] Cao B, Wang Y, Wen D, Liu W, Wang J, Fan G, Ruan L, et al. A Trial of Lopinavir-Ritonavir 

in Adults Hospitalized with Severe Covid-19. N Engl J Med 2020;382:1787-1799. 

[125] Zhang C, Shi L, Wang FS. Liver injury in COVID-19: management and challenges. Lancet 

Gastroenterol Hepatol 2020;5:428-430. 

[126] Li JY, Cao HY, Liu P, Cheng GH, Sun MY. Glycyrrhizic acid in the treatment of liver 

diseases: literature review. Biomed Res Int 2014;2014:872139. 

[127] Feng G, Zheng KI, Yan QQ, Rios RS, Targher G, Byrne CD, Poucke SV, et al. COVID-19 

and Liver Dysfunction: Current Insights and Emergent Therapeutic Strategies. J Clin Transl 

Hepatol 2020;8:18-24. 

[128] Rademacher S, Oppert M, Jörres A. Artificial extracorporeal liver support therapy in patients 

with severe liver failure. Expert Rev Gastroenterol Hepatol 2011;5:591-599. 

[129] Zhang C, Huang S, Zheng F, Dai Y. Controversial treatments: An updated understanding of 

the coronavirus disease 2019. J Med Virol 2020. 

[130] Avery ME, Snyder JD. Oral therapy for acute diarrhea. The underused simple solution. N 

Engl J Med 1990;323:891-894. 

[131] Hashimoto T, Perlot T, Rehman A, Trichereau J, Ishiguro H, Paolino M, Sigl V, et al. ACE2 

links amino acid malnutrition to microbial ecology and intestinal inflammation. Nature 

2012;487:477-481. 

[132] Zuo T, Zhang F, Lui GCY, Yeoh YK, Li AYL, Zhan H, Wan Y, et al. Alterations in Gut 

Microbiota of Patients With COVID-19 During Time of Hospitalization. Gastroenterology 2020. 

[133] Gao QY, Chen YX, Fang JY. 2019 Novel coronavirus infection and gastrointestinal tract. J 

Dig Dis 2020;21:125-126. 

[134] Song Y, Liu P, Shi XL, Chu YL, Zhang J, Xia J, Gao XZ, et al. SARS-CoV-2 induced 

diarrhoea as onset symptom in patient with COVID-19. Gut 2020;69:1143-1144. 

[135] Kawase M, Shirato K, van der Hoek L, Taguchi F, Matsuyama S. Simultaneous treatment of 

human bronchial epithelial cells with serine and cysteine protease inhibitors prevents severe acute 

respiratory syndrome coronavirus entry. J Virol 2012;86:6537-6545. 

[136] Zanin L, Saraceno G, Panciani PP, Renisi G, Signorini L, Migliorati K, Fontanella MM. 

SARS-CoV-2 can induce brain and spine demyelinating lesions. Acta Neurochir (Wien) 2020:1-4. 

Jo
ur

na
l P

re
-p

ro
of



[137] Du Z, Nugent C, Cowling BJ, Meyers LA. Hundreds of severe pediatric COVID-19 

infections in Wuhan prior to the lockdown. medRxiv 2020:2020.2003.2016.20037176. 

[138] Lan L, Xu D, Ye G, Xia C, Wang S, Li Y, Xu H. Positive RT-PCR Test Results in Patients 

Recovered From COVID-19. Jama 2020;323:1502-1503. 

[139] An J, Liao X, Xiao T, Qian S, Yuan J, Ye H, Qi F, et al. Clinical characteristics of the 

recovered COVID-19 patients with re-detectable positive RNA test. medRxiv 

2020:2020.2003.2026.20044222. 

[140] Wong J, Koh WC, Momin RN, Alikhan MF, Fadillah N, Naing L. Probable causes and risk 

factors for positive SARS-CoV-2 test in recovered patients: Evidence from Brunei Darussalam. 

medRxiv 2020:2020.2004.2030.20086082. 

[141] Ren LL, Wang YM, Wu ZQ, Xiang ZC, Guo L, Xu T, Jiang YZ, et al. Identification of a 

novel coronavirus causing severe pneumonia in human: a descriptive study. Chin Med J (Engl) 

2020;133:1015-1024. 

[142] Zheng S, Fan J, Yu F, Feng B, Lou B, Zou Q, Xie G, et al. Viral load dynamics and disease 

severity in patients infected with SARS-CoV-2 in Zhejiang province, China, January-March 2020: 

retrospective cohort study. Bmj 2020;369:m1443. 

[143] Ling Y, Xu SB, Lin YX, Tian D, Zhu ZQ, Dai FH, Wu F, et al. Persistence and clearance of 

viral RNA in 2019 novel coronavirus disease rehabilitation patients. Chin Med J (Engl) 

2020;133:1039-1043. 

[144] Yao XH, He ZC, Li TY, Zhang HR, Wang Y, Mou H, Guo Q, et al. Pathological evidence for 

residual SARS-CoV-2 in pulmonary tissues of a ready-for-discharge patient. Cell Res 2020:1-3. 

[145] Shastri A, Wheat J, Agrawal S, Chaterjee N, Pradhan K, Goldfinger M, Kornblum N, et al. 

Delayed clearance of SARS-CoV2 in male compared to female patients: High ACE2 expression in 

testes suggests possible existence of gender-specific viral reservoirs. medRxiv 

2020:2020.2004.2016.20060566. 

[146] Zhu N, Zhang D, Wang W, Li X, Yang B, Song J, Zhao X, et al. A Novel Coronavirus from 

Patients with Pneumonia in China, 2019. N Engl J Med 2020;382:727-733. 

[147] Qi F, Qian S, Zhang S, Zhang Z. Single cell RNA sequencing of 13 human tissues identify 

cell types and receptors of human coronaviruses. Biochem Biophys Res Commun 

2020;526:135-140. 

[148] Hikmet F, Méar L, Uhlén M, Lindskog C. The protein expression profile of ACE2 in human 

tissues. bioRxiv 2020:2020.2003.2031.016048. 

[149] To KF, Lo AW. Exploring the pathogenesis of severe acute respiratory syndrome (SARS): 

the tissue distribution of the coronavirus (SARS-CoV) and its putative receptor, 

angiotensin-converting enzyme 2 (ACE2). J Pathol 2004;203:740-743. 

[150] Pan F, Xiao X, Guo J, Song Y, Li H, Patel DP, Spivak AM, et al. No evidence of severe 

acute respiratory syndrome-coronavirus 2 in semen of males recovering from coronavirus disease 

2019. Fertil Steril 2020;113:1135-1139. 

[151] Li D, Jin M, Bao P, Zhao W, Zhang S. Clinical Characteristics and Results of Semen Tests 

Among Men With Coronavirus Disease 2019. JAMA Netw Open 2020;3:e208292. 

[152] Illiano E, Trama F, Costantini E. Could COVID-19 have an impact on male fertility? 

Andrologia 2020;52:e13654. 

[153] Pinto BG, Oliveira AE, Singh Y, Jimenez L, Goncalves AN, Ogava RL, Creighton R, et al. 

ACE2 Expression is Increased in the Lungs of Patients with Comorbidities Associated with Severe 

Jo
ur

na
l P

re
-p

ro
of



COVID-19. medRxiv 2020:2020.2003.2021.20040261. 

[154] Chen H, Xuan B, Yan Y, Zhu X, Shen C, Zhao G, Ji L, et al. Profiling ACE2 expression in 

colon tissue of healthy adults and colorectal cancer patients by single-cell transcriptome analysis. 

medRxiv 2020:2020.2002.2015.20023457. 

[155] Guo J, Wei X, Li Q, Li L, Yang Z, Shi Y, Qin Y, et al. Single-cell RNA Analysis on ACE2 

Expression Provides Insight into SARS-CoV-2 Blood Entry and Heart Injury. medRxiv 

2020:2020.2003.2031.20047621. 

[156] Chai P, Yu J, Ge S, Jia R, Fan X. Genetic alteration, RNA expression, and DNA methylation 

profiling of coronavirus disease 2019 (COVID-19) receptor ACE2 in malignancies: a pan-cancer 

analysis. J Hematol Oncol 2020;13:43. 

[157] Liang W, Guan W, Chen R, Wang W, Li J, Xu K, Li C, et al. Cancer patients in 

SARS-CoV-2 infection: a nationwide analysis in China. Lancet Oncol 2020;21:335-337. 

[158] Meng Y, Lu W, Guo E, Liu J, Yang B, Wu P, Lin S, et al. Cancer history is an independent 

risk factor for mortality in hospitalized COVID-19 patients: a propensity score-matched analysis. J 

Hematol Oncol 2020;13:75. 

[159] Chan JF, Yuan S, Kok KH, To KK, Chu H, Yang J, Xing F, et al. A familial cluster of 

pneumonia associated with the 2019 novel coronavirus indicating person-to-person transmission: a 

study of a family cluster. Lancet 2020;395:514-523. 

[160] Wang Y, Lumbers ER, Arthurs AL, Corbisier de Meaultsart C, Mathe A, Avery-Kiejda KA, 

Roberts CT, et al. Regulation of the human placental (pro)renin receptor-prorenin-angiotensin 

system by microRNAs. Mol Hum Reprod 2018;24:453-464. 

 

 

 

  

Jo
ur

na
l P

re
-p

ro
of



Figure 1.Entry of SARS-CoV-2 into host cells.  

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. Tissue distributions of ACE2 and TMPRSS2 in human. 

(A-B) the schematic diagram of the expressions of ACE2 (A) and TMPRSS2 (B) in 

multiple human tissues. The colour strength is corresponding to the gene expression 

level. ACE2 and TMPRSS2 were expressed in the brain and heart; ACE2 expression 

is expressed at a relative low level in hepatocytes and mainly located in 

cholangiocytes, while TMPRSS2 is expressed in the hepatocytes and cholangiocytes; 

ACE2 and TMPRSS2 were highly expressed in kidney and intestinal epithelial cells. 

Both ACE2 and TMPRSS2 were also expressed in the esophagus, stomach, nose, 

testis, pancreas, breast, prostate and thyroid.  
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Table 1. Characteristics of acute cardiac injury after SARS-COV-2 infection 

 

Study Country Subject Basic heart 

disease 

Acute cardiac 

injury 

Clinical classification of acute 

cardiac injury 

Wang et al [5] China 138 20 (14.5%) 10 (7.2%) Non-ICUcases 2/102 (2.0%) 

ICU cases 8/36 (22.2%) 

Huang et al [50] China 41 6 (14.6%) 5 (12.2%) Non-ICUcases 1/28 (3.6%) 

ICUcases 4/13 (30.8%) 

Li et al [55] China 193 NA 24 (12.4%) Non-severe cases 5/128 (3.9%)  

Severecases19/65 (29.2%) 

Chen et al [56] China 274 24 (8.8%) 89/203 (43.8%) Recoveredcases 18/109 (16.5%) 

Died cases 72/94 (76.6%) 

Hong et al[57] Korea 98 11 (11.2%) 11 (11.2%) Non-ICUcases 2/85 (2.4%) 

ICUcases 9/13 (69.2%) 

Zhou et al [58] China 191 15 (7.9%) 33 (17.3%) Survivor cases 1/137 (0.7%) 

Non-survivor cases 32/54 (59.3%) 
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Table 2. Comorbidity with cardiac injury in COVID-19 patients with basic heart 

disease. 

 

Study Subjects 

with 

COVID-19 

Proportion of 

basic heart disease 

Patients with 

Cardiacinjury 

Patients with basic heart disease 

With cardiac 

injury 

Without cardiac 

injury 

Shi et al [54] 416 61 (14.7%) 82 (19.7%) 43.9% (36/82) 7.5% (25/334) 

Liu et al [59] 291 15 (4.8%) 15 (5.2%) 33.3% (5/15) 3.6% (10/276) 

Xu et al [60] 53 6 (11.3%) 30 (56.6%) 16.7% (5/30) 4.3% (1/23) 

Ma et al [61] 84 5 (6.0%) 13 (15.5%) 7.7% (1/13) 5.6% (4/71) 

Guo et al 

[62] 

187 29 (15.5%) 52 (27.8%) 48.1% (25/52) 3.0% (4/135) 
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Table 3. Characteristics of acute kidney injury after SARS-COV-2 infection 

Scr: Serum creatinine; BUN: Blood urea nitrogen; AKI: Acute kidney injury  

Study Country Subject Pre-existing kidney 

conditions 

Abnormal renal 

functional indices 

AKI Clinical classification of AKI 

Chen 

et al[1] 

China 99 NA Scr 24 (24.2%) 

BUN 23 (23.2%) 

3 (3.0%) NA 

Wang 

et al [5] 

China 138 4 (2.9%) NA 5 (3.6%) Non-ICU cases 2/102 (2.0%) 

ICU cases 3/36 (8.3%) 

Huang 

et al [50] 

China 41 NA Scr 4 (9.8%) 

 

3 (7.3%) ICU cases 3/13 (23.1%) 

Guan 

et al [51] 

China 1099 8 (0.7%) Scr 12/752 (1.6%) 6 (0.5%) Non-severe cases 1/926 (0.1%) 

Severe cases 5/173 (2.9%) 

Xu 

et al [53] 

China 355 NA Scr 111 (30.7%) 

 

56 (15.8%) Mild cases 24/244(10.7%) 

Severe cases 11/60 (18.3%) 

Critical ill cases 21/71 (29.2%) 

Li 

et al [55] 

China 193 NA Scr 20 (10.4%) 

BUN 27 (14.0%) 

55 (28.5%) Non-severe cases 12 /128 (9.4%) 

Severe cases 43/65 (66.2%) 

Chen 

et al [56] 

China 274 4 (1.5%) NA 29 (10.6%) Recovered cases 1/161 (0.6%) 

Died cases 28/113 (24.8%) 

Hong 

et al [57] 

Korea 98 NA Scr 29 (29.6%) 

BUN 12 (12.2%) 

9 (9.2%) Non-ICU cases 1/85 (1.2%) 

ICU cases 8/13 (61.5%) 

Cheng 

et al [67] 

China 701 NA Scr 101 (14.4%) 36 (5.1%) NA 

Xiao 

et al [68] 

China 287 5 (2%) NA 55 (19.2%) Non-severe cases 21/163(12.9%) 

Severe cases 34/124 (27.4%) 

Richardson  

et al [69] 

America 5700 454 (8.0%) NA 1370 

(24.0%) 

Cured cases 176/2081 (8.5%) 

In hospital cases 847/3066 (27.6%) 

Died cases 347/553 (62.7%) 

Wan 

et al [70] 

China 135 NA NA 5 (3.7%) Mild cases 4/95 (4.2%) 

Severe cases 1/40 (2.5%) 

Li 

et al[71] 

China 548 10 (1.8%) Scr 146/539 (27.1%) 

BUN 85/539 (15.8%) 

95 (17.3%) Non-severe cases 33/279 (11.8%) 

Severe cases 62/269 (23.0%) 

Qian 

et al [72] 

China 91 NA Scr 24 (26.4%) NA NA 

Pei 

et al [73] 

China 333 NA NA 35 (10.5%) Moderate cases 5/144 (3.5%) 

Severe cases 6/133 (4.5%) 

Critically ill cases 24/56 (42.9%) Jo
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Table 4. Characteristics of liver injury after SARS-COV-2 infection 

 

Study Country Subject Patients with 

pre-existing 

liverconditio

ns 

Patients with 

abnormal liver 

functional 

indices 

Abnormal liver 

functional indices in the 

Non-severe patients* 

Abnormal liver 

functional indices in the 

severe patients# 

ALT AST TBIL ALT AST TBIL 

Chen 

et al [1] 

China 99 NA ALT 28 (28.3%) 

AST 35 (35.6%) 

TBIL 18 (18.2%) 

NA NA NA NA NA NA 

Wang 

et al [5] 

China 138 4 (2.9%) NA NA NA NA NA NA NA 

Huang 

et al[50] 

China 41 1 (2.4%) AST 15 (36.6%) NA 7/28 

(25.0%) 

NA NA 8/13 

(61.5%) 

NA 

Guan 

et al [51] 

China 1099 23 (2.1%) AST 168/757 (22.2%) 

ALT 158/741 (21.3%) 

TBIL 76/722 (10.5%) 

120/606 

(19.8%) 

112/615 

(18.2%) 

59/594 

(9.9%) 

38/135 

(28.1%) 

56/142 

(39.4%) 

17/128 

(13.3%) 

Xu 

et al [53] 

China 355 NA ALT 91 (25.6%) 

AST 102 (28.7%) 

NA NA NA NA NA NA 

Li 

et al [55] 

China 193 NA ALT 44 (22.7%) 

AST 73 (37.8%) 

TBIL 18 (9.3%) 

26/128 

(20.3%) 

 

35/128 

(27.3%) 

9/128 

(7.0%) 

18/65 

(27.7%) 

38/65 

(58.5%) 

9/65 

(13.8%) 

Chen 

et al [56] 

China 274 11 (4.0%) ALT 60 (21.9%) 

AST 84 (30.7%) 

30/161 

(18.6%) 

25/161 

(15.5%) 

NA 30/113 

(26.5%) 

59/113 

(52.2%) 

NA 

Hong 

et al[57] 

Korea 98 1 (1.0%) ALT 19 (19.4%) 

AST 42 (42.9%) 

TBIL 16 (16.3%) 

16/85 

(18.8%) 

31/85 

(36.5%) 

12/85 

(14.1%) 

3/13 

(23.1%) 

11/13 

(84.6%) 

4/13 

(30.8%) 

Richardson 

et al [69] 

America 5700 30(0.5%) AST 3263 (58.4%) 

ALT 2176 (39.0%) 

NA NA NA NA NA NA 

Wan 

et al [70] 

China 135 2(1.5%) AST 30 (22.2%) 

 

NA 15/95 

(15.8%) 

NA NA 15/40 

(37.5%) 

NA 

Li 

et al [71] 

China 548 5 (0.9%) ALT 125/541 (23.1%) 

AST 179/540 (33.1%) 

TBIL 24/541 (4.4%) 

61/275 

(22.3%) 

 

64/275 

(23.3%) 

7/275 

(2.3%) 

64/266 

(24.1%) 

115/266 

(43.4%) 

17/266 

(6.4%) 

Qian 

et al [72] 

China 91 NA ALT 13(14.3%) 

AST 18 (19.8%) 

NA NA NA NA NA NA 

* Non-severe patients include patients without ICU care and recovered patients. 

#Severe patients include patients with ICU care and death. 
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ALT: alanine aminotransferase; AST: aspartate aminotransferase; TBIL: total bilirubin  
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Table 5. SARS-COV-2 detection in gastrointestinal specimens 

 

Study Subject Gastrointestinal 

samples 

Tested positive in 

gastrointestinal 

specimens 

The positive time in 

gastrointestinal 

specimens (days) 

Positive time for 

Gastrointestinal samples 

after respiratory samples 

were negative (days) 

Xiao et al [43] 73 Stool 39 1- 12 NA 

Zhang et al [82] 178 Anal swabs 14 NA NA 

Tan et al [83] 1 Rectal swab 1 18 3 

Xing et al [84] 3 Stool 3 6-30 8-20 

Younget al [85] 8 Stool 4 1-3 NA 

Holshue et al[86] 1 Stool 1 1 NA 

Lescure et al [87] 5 Stool 2 5-6 NA 

Tang et al [88] 1 Stool 1 9 NA 

Wanget al [89] 153 Stool 44 NA NA 

Xu et al [90] 10 Rectal swabs 8 3-28 2-20 
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Table 6. Gastrointestinal symptoms after SARS-COV-2 infection 

Study Country Subject  Diarrhoea Nausea Vomiting Abdominal 

pain 

Chen et al [1] China 99 2 (2.0%) 1 (1.0%) 1 (1.0%) NA 

Wang et al [5] China 138 14 (10.1%) 14 (10.1%) 5 (3.6%) 3 (2.2%) 

Liu et al [6] China 137 11 (8.0%)   NA NA NA 

Xiao et al [43] China 73 26 (35.6%)  NA NA NA 

Huang et al [50] China 41 1/38 (2.6%) NA NA NA 

Guan et al [51] China 1099 42 (3.8%) 55 (5.0%) 55 (5.0%) NA 

Li et al [55] China 193 35 (18.1%) 11 (5.7%) 5 (2.6%) 8 (4.1%) 

Chen et al [56] China 274 77 (28.1%) 24 (8.8%) 16 (5.8%) 19 (6.9%) 

Zhou et al [58] China 191 9 (4.7%) 7 (3.7%) 7(3.7%) NA 

Wan et al [70] China 135 18 (13.3%)  NA NA NA 

Li et al [71] China 548 179 (32.7%) NA 45 (8.2%) 16 (2.9%) 

Qian et al[72] China 91 21 (23.1%) 11 (12.1%) 6 (6.6%) NA 

Shi et al [77] China 81 3 (3.7%) NA 4 (5%) NA 

Young et al [85] Singapore 18 3 (16.7%) NA NA NA 

Yang et al [92] China 52  NA NA 2 (3.8%) NA 

Zhang et al [93] China 212 93 (43.8%) 44 (20.7%) 44 (20.7%) NA 

Jin et al[94] China 651 56 (8.1%) 18 (2.8%) 17 (2.6%) NA 

Songel al[95] China 51 5 (9.8%) 3 (5.8%) 3 (5.8%) NA 

Luet al [96] China 171    15 (8.8%) NA 11 (6.4%) NA 

Xu et al [97] China 62 3 (4.8%) NA NA NA 

Zhang et al [98] China 140 18 (12.9%)  24 (17.3%)  7 (5.0%)  8 (5.8%)  

Lian et al [99] China 465 36 (7.7%) 22 (4.7%) 22 (4.7%) NA 

Lechien et al [100] European 1420 473 (38.1%) 272 (19.2%) 272 (19.2%) 270 (19.1%) 
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Table 7. Neurological symptoms after SARS-COV-2 infection 

Study Country Subject  Manifestation 

Chen et al [1] China 99 Headache 8 (8.1%) 

Wang et al [5] China 138 Headache 9 (6.5%) and dizziness 13 (9.4%)  

Huang et al [50] China 41 Headache 3/38 (7.9%) 

Guan et al [51] China 1099 Headache 150 (13.6%) 

Li et al [55] China 193 Headache 20 (10.4%) and dizziness 13 (6.7%) 

Wan et al [70] China 135 Headache 34 (32.5%) 

Li et al [71] China 548 Headache 62 (11.3%), dizziness 56 (10.2%) 

and confusion 17 (3.1%) 

Qian et al [72] China 91 Headache 7 (7.7%) 

Lechien et al [100] European 1420 headache 998 (70.3%), loss of smell 997 

(70.2%), taste dysfunction 770 (54.2%) and 

loss of appetite 649 (45.7%) 

Mao et al [106] China 214 Headache 28 (13.1%), dizziness 36 (16.8%), 

dysgeusia 11 (5.1%) and hypogeusia 12 (5.6%)  

Lechien et al [107] European 417 Anosmia 284 (79.6%) and hyposmia  

73 (20.4%)  

Levinson et al [108] Israel 42 Anosmia 15 (35.7%), dysgeusia14 (33.3%) and 

both anosmia and dysgeusia 14 (33.3%) 
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