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Abstract 1 

With the emergence of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 2 

outbreak, human being certainly is witnessing its very first enormous threat in new millennium. 3 

Unexpectedly, coronavirus disease 2019 (COVID-19) spread the world leading to a constantly 4 

increasing mortality rate. The SARS-CoV-2 infection perturbs body’s vital organs function 5 

making the patients of all ages susceptible to the disease. Nevertheless, individuals developing 6 

critical illness with poor outcomes mostly were the elderly and the ones having comorbid 7 

conditions which constitute the vast majority of COVID-19 fatalities. The COVID-19 8 

complications mostly involve respiratory, renal and cardiovascular systems, and in severe cases 9 

secondary infections leading to pneumonia and acute respiratory distress syndrome (ARDS) 10 

precede the demise of the patient. Indeed, multi-organ failure in COVID-19 patients could be a 11 

consequence of comorbidities associated with the patients. Therefore, patient’s preexisting 12 

conditions may apparently affect the disease prognosis requiring immediate attention to 13 

accurately detect and evaluate them in SARS-CoV-2 infected patients. Herein, several issues 14 

given the findings in relation to manifestations of body’s vital organs along with potential 15 

diagnostic blood factors in SARS-CoV-2 infection will be addressed. It is hoped that the review 16 

help to more comprehensive understanding of this very complex disease. 17 

 18 

Keywords: Coronavirus (CoV); Angiotensin converting enzyme 2 (ACE2); Severe acute 19 

respiratory syndrome coronavirus 2 (SARS-CoV-2); Coronavirus disease 2019 (COVID-19); 20 

acute respiratory distress syndrome (ARDS) 21 
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Introduction 23 

Since December 2019, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which 24 

is responsible for the coronavirus disease 19 (COVID-19) outbreak, disseminated throughout the 25 

world from Wuhan, China and rapidly turned into a pandemic. This pandemic has become the 26 

greatest global public health crisis since the 1918 influenza outbreak [1]. Currently, the number 27 

of patients with COVID-19 is still soaring around the world. As of July 24, 2020, according to 28 

the world health organization (WHO), confirmed COVID-19 patients exceeded 15 million with 29 

over 630,000 deaths worldwide [2,3]. In Iran, the first case of COVID-19 was reported on 19 30 

February 2020 and while early in March SARS-CoV-2 infection outbreak appeared to dwindle in 31 

China [4], the outbreak in Iran experienced an upward movement. This was largely caused by 32 

loosening of bans by people who were preparing for annual Nowruz ceremony and meanwhile 33 

underestimating COVID-19 seriousness, according to local sources. At the time of preparing this 34 

manuscript, the number of confirmed SARS-CoV-2 infected patients had reached 284,034, of 35 

which 15,074 died in Iran, based on WHO sources. In Asia and globally, Iran has the second and 36 

tenth rank, respectively, in terms of COVID-19 mortality rate, according to its official statistics 37 

reported to WHO. In addition, Iran has the eighth-highest number of SARS-CoV-2 cases in the 38 

world [5]. Total number of confirmed COVID-19 patients in Iran and worldwide along with their 39 

outcomes were compared and presented in Fig.1.   40 

Indeed, upon exposure to SARS-CoV-2 virus, symptoms would develop within 2 to 14 days and 41 

patients initially manifest symptoms including fever, dry cough, fatigue, and shortness of breath 42 

as well as some less frequent symptoms, such as diarrhea and vomiting. Although most COVID-43 

19 patients exhibit mild to moderate symptoms, the disease may lead to severe complications. 44 

Clinical phenotype may exacerbate in older adults and people with pre-existing chronic medical 45 
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conditions, such as cardiovascular disease, diabetes, and cancer; it has also been described in 46 

children [6,7]. As such, critically ill patients may perish due to the acute respiratory distress 47 

syndrome (ARDS) together with pneumonia in lungs and multi-organ failure [3,8]. According to 48 

proteome-wide data analysis, SARS-CoV-2 could influence several targets in diverse host 49 

tissues, and thus the treatment of COVID-19 patients would be a complex task [9]. Given the 50 

molecular pathogenesis, angiotensin converting enzyme 2 (ACE2) act as the receptor where the 51 

spike (S) proteins of both SARS-CoV and SARS-CoV-2 share to bind and get entry to the host 52 

cell. Moreover, new evidence unveiled another prerequisite for entering and infecting ACE2-53 

expressing cells, i.e., SARS-CoV-2 not only needs ACE2, but also requires cleaving of its S 54 

protein by host cell transmembrane protease serine 2 (TMPRSS2) [10]. The ACE2-positive cells, 55 

however, are not ubiquitous and thus have been spotted in certain organs and tissues vulnerable 56 

to SARS-CoV-2 infection including esophagus, type II alveolar cells (AT2) of lung, myocardial 57 

cells, kidney, liver, brain, and intestines [11,12]. Here we elaborate pathophysiology and 58 

symptoms of SARS-CoV-2 infection in pulmonary system and other vital organs in addition to 59 

signs and blood factors employed for detecting inflammation or organ dysfunction.  60 

SARS-CoV-2 cell entry and infectivity 61 

The initial step of the virion entry to the host cell is facilitated by interactions between the S 62 

protein and its receptor. Different coronaviruses take advantage of different host receptors via 63 

different receptor binding domains (RBDs). As such, ACE2 and dipeptidyl peptidase 4 (DPP4), 64 

also known as CD26, serve as main receptors of SARS-CoV and MERS-CoV, respectively. 65 

These specific interactions between S protein and its receptor are responsible for host-specific 66 

infection and also tissue tropism [13,14]. Furthermore, accumulating evidence suggest that 67 

SARS-CoV-2 also uses ACE2 and not any other coronavirus receptors. It is noteworthy that 68 
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SARS-CoV exploits an alternative receptor, CD209L, expressed on type II alveolar cells and 69 

endothelial cells of lung for cell entry; similarly, CD209L is the portal of entry and infecting 70 

cells by other enveloped viruses like Ebola [15]. Importantly, computational methods illustrated 71 

stronger affinity of the SARS-CoV-2 S-RBD to ACE2 compared to that of SARS-CoV, nearly 72 

10-to 20-fold, suggesting higher pathogenicity and also easier human to human spread of SARS-73 

CoV-2 [16]. Upon binding to ACE2, the spike protein, consisting of S1 and S2 domains, 74 

undergoes acid dependent proteolytic cleavage by a transmembrane protease, serine 2, 75 

TMPRRS2, followed by viral and cellular membranes fusion. For fusion, S1 containing RBD is 76 

cleaved and S2 which is a fusion peptide inserts into the membrane followed by joining of two 77 

heptad repeats in S2 together form an antiparallel six-helix bundle. The bundle formation paves 78 

the way for the fusion of viral and cellular membranes and eventual release of viral genome into 79 

the cytoplasm [17]. 80 

Widespread distribution of ACE2 in human tissues 81 

The earliest step of SARS-CoV-2 infection is its entrance into the cells through ACE2 having 82 

uneven distribution on different tissue cell types. With the aid of single-cell RNA-seq 83 

technology, exhaustive studies discovered cells and tissues expressing ACE2 to help pinpoint 84 

viral tropism and its likely routes of transmission [11]. Interestingly, different immune cells in 85 

the lung such as neutrophils, monocytes, as well as B & T cells express high levels of ACE2 86 

along with alveolar type I and type II cells. In digestive system, esophagus, stomach, ileum, and 87 

colon also possess ACE2 positive cells. In addition, proximal tubule cells of kidney, hepatocytes 88 

of liver together with various cells in spleen demonstrate ACE2 expression. Moreover, eyes as a 89 

sensory organ and part of nervous system with different cell types plus bone marrow and blood 90 

cells including platelets, macrophages, erythrocytes, dendritic cells (DCs) and natural killer (NK) 91 

Jo
urn

al 
Pre-

pro
of



cells were all ACE2 positive. Strikingly, macrophages as omnipresent cells in almost all organs 92 

and tissues constantly have crosstalk with ACE2 positive cells suggesting their central role at the 93 

beginning and during SARS-CoV-2 infection [12]. 94 

Clinical manifestations 95 

Upon infection, COVID-19 has indicated an incubation period ranging from 5 to 14 days, with a 96 

median time of 4-5 days from exposure to onset of symptoms. Early reports suggest that the 97 

majority of patients with COVID-19 present fever (82-99%), cough (59-81%), fatigue (44–70%), 98 

anorexia (40-84%), shortness of breath (31-40%), sputum production (28–33%), and myalgia 99 

(11–35%), although symptoms at the onset of disease may vary among individuals. Also, a vast 100 

majority of COVID-19 patients (81%) showed mild symptoms with no pneumonia or mild 101 

pneumonia, whereas those with severe symptoms (14%) experienced complications like dyspnea. 102 

Symptoms including headache, confusion, rhinorrhea, sore throat, hemoptysis, vomiting, and 103 

diarrhea were reported as less frequent manifestations [3,8,18]. The case fatality rate (CFR) has 104 

varied significantly around the world. Earlier reports suggested a CFR of 2.3% with following 105 

studies reporting the symptomatic case fatality risk (the probability of dying after developing 106 

symptoms) was lower at 1.4%, which contrasts with influenza (0.1%), MERS (34%), and SARS 107 

(10%) [19,20]. The CFR in COVID-19 rises rapidly with increasing age; the CFR is less than 1% 108 

for those under 50 years of age, rising to 1.3% for 50-year olds, and 3.6% for 60-year olds. 109 

Likewise, the CFR increases with the disease severity, as there were no deaths reported among 110 

the mildly symptomatic cases; however, the CFR was 49% among critically ill patients [19]. 111 

Pathophysiology of organs in COVID-19 112 

Lung 113 
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The respiratory tract in our body is the organ composed of upper and lower respiratory systems 114 

which terminate in alveoli, where the critical process of gas exchange occurs. The fine structure 115 

of alveoli constitutes a compartment which is lined with a thin alveolar-capillary barrier.  The 116 

barrier in turn consists of three parts: (1) epithelial cell layer having both type I [AT1], and type 117 

II [AT2] (2) microvascular endothelial cell layer, and also (3) interstitial airspace between the 118 

epithelial and endothelial surfaces. In addition, the alveolar macrophages locating within alveoli 119 

have scavenging function against cell debris and foreign pathogens [21]. Several studies however 120 

support that when a lung injury, common in pulmonary infections, occurs, it may stimulate 121 

ARDS, wherein loss of alveolar-capillary barrier arises. Therefore, pneumonia caused by viral 122 

infections or joint viral and bacterial infections which activate a substantial innate immune 123 

response in alveolar cells and macrophages may result in ARDS [22]. Furthermore, patients with 124 

COVID-19 pneumonia are at risk of acute pulmonary embolism and thus CT pulmonary 125 

angiography and initiating appropriate therapy is required [23]. In this context, Grillet et al. [24] 126 

proposed that the use of contrast enhanced CT rather than routine non-contrast CT may be 127 

important for patients with severe clinical features of COVID-19. According to the comparative 128 

replication capacity of SARS-CoV-2 and SARS-CoV infection in the infected lung tissues, 129 

within the 48-hour interval, SARS-CoV-2 produced 3.2-fold more infectious virus particles than 130 

did SARS-CoV [25]. Growing evidence supports the central role of alveolar macrophages as 131 

they secrete chemokines inducing neutrophils and polymorphonuclear cells (PMN) to migrate 132 

from the bloodstream into the airspaces and alveoli. As a result of neutrophil influx and its 133 

subsequent activation, they release toxic mediators such as reactive oxygen species (ROS), and 134 

proinflammatory mediators, such as TNF, IL-1β, and IL-6, proteases and neutrophil extracellular 135 

traps (NETs), which fight invading pathogens, yet it may give rise to epithelial and endothelial 136 
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injury; this weakens the alveolar-capillary barrier integrity leading to more neutrophil infiltration 137 

and surfactant dysfunction, and thereby the development of protein-rich alveolar edema that 138 

typically causes dyspnea or difficult breathing (Fig. 2) [26]. The COVID-19 and earlier beta-139 

coronavirus infections, SARS and MERS, largely share clinical characteristics. Importantly, 140 

pulmonary system is by far the most affected organ by SARS-CoV-2 infection, and that in severe 141 

cases may turn into a serious lung injury and ARDS with eventual death [3,8]. 142 

Heart 143 

Cardiovascular diseases (CVDs) were common comorbidity in SARS and MERS. In SARS, the 144 

prevalence of CVD and diabetes mellitus (DM) was 8% and 11%, respectively; and having either 145 

one increased the risk of death 12-fold. Hypertension was reported to be common in about 50% 146 

of MERS cases, while CVD was reported to be present in nearly 30% of the patients [27,28]. 147 

Similarly, increasing evidence links COVID-19 to higher rates of cardiovascular complications 148 

and subsequent mortalities, most notably among those with more severe disease. Wang et al. 149 

reported, among 138 confirmed cases of COVID-19, that comorbidities were prevalent, 46% 150 

overall and 72% in those requiring ICU, as were cardiovascular comorbidities, namely, 151 

hypertension in 31% (58% in those requiring ICU), CVD in 15% (25% in patients requiring 152 

ICU), and DM in 10% (22% in those requiring ICU) [8]. Another cohort study with 1,099 153 

confirmed patients with COVID-19 documented that 24% overall had any comorbidity with 58% 154 

among those critically ill or deceased, with 15% having hypertension (36% among those 155 

critically ill or deceased), 7.4% with DM (27% among those critically ill or deceased), as well as 156 

2.5% with coronary heart disease (9% among those critically ill or deceased) [18]. Importantly, 157 

in a meta-analysis involving six studies and covering a total of 1527 people, Li and colleagues 158 

found that there was a three-fold increase of cardia-cerebrovascular diseases in ICU/severe 159 
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COVID-19 cases [RR = 3.30, 95% CI 2.03-5.36, P <0.00001]. The researchers also reported that 160 

in comparison to the non-ICU/severe patients, the incidence of acute cardiac injury was 161 

approximately 13-folds higher in ICU/severe patients [29]. Myocardial injury, exhibited by 162 

elevated cardiac troponin I (cTnI) above the 99th-percentile upper reference limit, was 163 

recognized among early cases of COVID-19 with 7.2% of patients overall, and 22% that required 164 

ICU surveillance (8). In a separate study, higher cTnI was also reported in 46% of non-survivors 165 

in contrast to 1% of survivors [30]. Furthermore, in a meta-analysis conducted on 4 studies in 166 

China comprising 341 subjects (123 with severe disease; 36%), Lippi et al. [31] found that the 167 

levels of cTnI significantly increased in COVID-19 patients with severe disease than in those 168 

without (95% CI, 6.8–44.5 ng/L). The values of creatine kinase (CK) isoenzyme MB (CK-MB) 169 

as a biomarker of myocardial injury was increased in patients with COVID-19 and associated 170 

with severity of disease [8,32,33]. In this context, Yang et al. [31] found that the death group 171 

among COVID-19 patients had significantly higher CK-MB compared with the survival group. 172 

Also, mean CK-MB was significantly found to be higher in severe patients with COVID-19, 173 

compared to less severe cases [33]. In addition to cTnI and CK-MB, increased lactate 174 

dehydrogenase (LDH) has been presented as a common laboratory abnormality in COVID-19 175 

patients [34]. The hematological findings by Fan showed that patients requiring ICU care had a 176 

higher LDH so that this enzyme levels for 4 ICU patients was raised with a median value of 1684 177 

U/L (reference range 270-550 U/L). Only 5 out of 26 non-ICU patients indicated an increased 178 

LDH above 550 U/L. Moreover, decreasing values in LDH was observed as the clinical 179 

condition of patients improved [35]. In a systematic review and meta-analysis of all published 180 

studies up to March 15, 2020 (45 studies with 4203 patients) by Zhang et al. [36], LDH was 181 

among factors which predict ICU admission. More importantly, ARDS was predicted by 182 
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increased LDH. The exact mechanism of cardiac involvement in COVID-19 remains to be 183 

elucidated; yet, direct myocardial involvement, possibly mediated by ACE2, is a likely 184 

explanation. Contrarily, however, a case report study by Tavazzi and colleagues evidenced an in-185 

detail observation on possible SARS-CoV-2 pathobiology involving myocardial localization. 186 

They detected viral particles in interstitial cytopathic macrophages and their surroundings but not 187 

in cardiac myocytes, which reject viral cardiotropism. The researchers also reported non-specific 188 

damage to cardiac myocytes mainly characterized by focal myofibrillar lysis. The study suggests 189 

that the cardiac complications as a result of either a transient viremia or migration of infected 190 

alveolar macrophages from respiratory tract, the latter seems to be common in many other extra-191 

pulmonary tissues [37]; even though, similar pathologic studies are needed to confirm these 192 

observations. Another explanation could be the likelihood of cytokine storm induced by SARS-193 

CoV-2 infection, which possibly results from hyper-inflammatory response of innate immune 194 

response and subsequent imbalanced immune response among subtypes of T helper cells [30].  195 

Central nervous system (CNS)  196 

The main target organ in SARS-CoV-2 is widely believed to be the lung, however, patients may 197 

display the evidence of other organ dysfunction including nervous system. Several respiratory 198 

viral infections, known to be neurotropic and neuroinvasive, such as measles virus, herpes virus 199 

as well as the influenza virus, and coronaviruses among others are capable of spreading 200 

throughout the body, once in the lungs, and eventually infect the CNS [38]. In COVID-19, many 201 

patients may have nonspecific neurological symptoms like dizziness, nausea, vomiting and 202 

headache, even though laboratory findings could not help find out clinical symptoms of nervous 203 

system. However, based on recent clinical observations, reports of sudden loss of smell 204 

(anosmia) and/or taste (ageusia) suggest nervous system involvement in SARS-CoV-2 infection 205 
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[39]. Of note, human and animal studies point out that the coronavirus enters CNS through 206 

olfactory bulb, wherein it causes inflammation and demyelination, which is most likely to be the 207 

reason behind temporary loss of smell and/or taste in SARS-CoV-2 infection [40]. Moreover, 208 

severe hypoxia often occurs in patients with COVID-19, which may lead to subsequent nervous 209 

system damage [41]. It is noteworthy that neuroinvasive tendency of coronaviruses have been 210 

described in postmortem study of 18 SARS patients who had died days after infection. In 211 

addition to lungs and various immune cells, SARS viral particles and genomic sequence were 212 

found in neurons of the brain. While in COVID-19 neurological manifestations have not been 213 

studied fully in human, yet it is quite likely that some of these patients, particularly those with 214 

severe illness, have CNS involvement and neurological manifestations [42]. It should be also 215 

noted that according to genome sequencing, the presence of SARS-CoV-2 in cerebrospinal fluid 216 

has been confirmed, which may be a reason for viral encephalitis [41]. Therefore, emerging 217 

evidence given the CNS suggest that clinicians dealing with COVID-19 patients should consider 218 

olfactory and other sensory changes or any other suspected neurological symptoms as they may 219 

help detect and isolate infected individuals in early stages without conducting specimen-based 220 

procedures.  221 

Gastrointestinal tract 222 

Despite being infrequent in COVID-19 patients, gastrointestinal tract (GIT) symptoms, 223 

predominantly diarrhea, should not be ignored since in confirmed COVID-19 cases, its incidence 224 

would be underestimated. Similarly, early reports may have unknowingly missed diarrhea in 225 

these patients owing to prioritizing respiratory symptoms, such as ARDS as the main sign in 226 

COVID-19 [14]. Importantly, several studies identified the SARS-CoV-2 RNA in anal/rectal 227 

swabs [43,44] and stool specimens of COVID-19 patients by reverse transcription polymerase 228 
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chain reaction (RT-PCR) [45,46]. Nonetheless, regardless of diarrhea, SARS-CoV-2 RNA may 229 

not be detected in all COVID-19 patients [47]. In a study on 1,099 patients with laboratory-230 

confirmed COVID-19 from 552 hospitals in 30 provinces of China, nausea or vomiting in 5.0% 231 

and diarrhea in 3.8% patients were reported [18]. The gastrointestinal complications were 232 

reported to be more frequent in other studies. According to a cohort study of 140 hospitalized 233 

COVID‐19 patients in Wuhan, gastrointestinal symptoms (39.6%) were among the most 234 

common clinical manifestations, including nausea in 17.3%, diarrhea in 12.9%, and vomiting in 235 

5.0% patients [48]. Moreover, in a cohort of 171 pediatric patients with COVID-19, the 236 

frequencies of diarrhea and vomiting were found to be 8.8% and 6.4%, respectively [49]. With 237 

ACE2-positive cells in stomach, intestine and colon tissues, digestive system could be 238 

susceptible to COVID-19 complications and also acts as a route of SARS-CoV-2 entry. 239 

Intriguingly, small intestine cells have paralleled expression of dipeptidyl peptidase-4 (DPP4), a 240 

cell surface enzyme as MERS-CoV receptor, and ACE2 making them highly susceptible to beta-241 

coronavirus infections. Overall, presence of SARS-CoV-2 RNA in stool samples of COVID-19 242 

patients suggests potential fecal-oral transmission as an alternative infection route that it does 243 

seem wise to take measures in order to minimize the spread [50]. Also, the gastrointestinal 244 

symptoms of COVID-19 can be important for clinicians, notably as they may manifest prior to 245 

the onset of pyrexia and respiratory symptoms [51]. 246 

Liver 247 

According to studies, patients with severe COVID-19 seem to have higher incidence of liver 248 

impairment. Most of COVID-19-associated liver injuries are mild and transient, however severe 249 

liver damage can be seen [18,51]. It seems that liver damage is related to gender and age so that 250 

the proportion of infected patients is higher in adults than in children and in men than in women 251 
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[52]. Based on reports, the incidence of liver injury might reach up to 58% or even 78% in death 252 

cases. The ACE2 expression in bile duct cells is much higher compared with liver cells. Bile 253 

cells are involved in liver regeneration and immune response, thus the liver injury in patients 254 

with COVID-19 may be caused by the damage to bile duct cells, but not liver cells [53]. 255 

Although the levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) 256 

indicating abnormal liver function are not generally high on admission, a multi-center study on 257 

1,099 patients documented the increased levels of AST and ALT in 22.2% and 21.3% of 258 

COVID-19 patients, respectively. Despite the elevated levels of ALT and AST observed in 259 

separate studies have a range from 3.7 -23.5% for ALT and 3.7-37% for AST, it appears liver 260 

damage is more common in patients with severe pneumonia, which is supposed to be associated 261 

with cytokine storm and abnormal innate immune response, yet it cannot explain the fact that 262 

there is also liver dysfunction in patients with mild symptoms [18]. Unlike other biochemical 263 

parameters, albumin levels appear to be reduced in COVID‐19 patients, particularly in severe 264 

cases [53,54]. Moreover, according to the findings by Wang et al. [54], patients who had 265 

increased transaminase levels presented higher concentrations of γ-glutamyl transferase. It is 266 

worth noting that drug-induced liver injury and pre-existing chronic infections are possible 267 

contributing factors for observed abnormalities in liver blood tests [3,8]. Antivirals, antibiotics 268 

and steroids, which are widely used for the treatment of SARS-CoV-2 infection could potentially 269 

play a role in liver injury. It was recently reported that lopinavir/litonavir may be contributed to 270 

the liver injury in COVID-19 patients [53]. Based on a report from 417 patients with laboratory-271 

confirmed COVID-19 in China [55], the use of lopinavir/ritonavir may increase the odds of liver 272 

injury up to 4-fold (OR from 4.44 to 5.03). 273 

Kidney 274 
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Following lung infection with SARS-CoV-2, the virus may enter the blood circulation, which in 275 

turn could accumulate in kidneys resulting in renal dysfunction and its complications such as 276 

acute kidney injury (AKI) [20]. In a single-cell RNA sequencing analysis, Pan et al. [56] 277 

concluded that the cytopathic effects of SARS-CoV-2 on podocytes and proximal straight tubule 278 

cells may lead to AKI in COVID-19 patients, particularly in those with SARS-CoV-2 infection 279 

in blood samples. Furthermore, according to a meta-analysis by Henry et al., chronic kidney 280 

disease (CKD) appears to be associated with increased risk of severe COVID-19. The authors 281 

suggested the presence of CKD shall be considered as an important agent in future risks 282 

stratification models for COVID-19 [57]. Blood tests for assessing renal function mainly include 283 

proteinuria, urea and creatinine. Early reports of kidney dysfunction indicated AKI incidence 284 

ranging from 3 to 9 percent in those with SARS-CoV-2 infection [8,20]. A recent study also 285 

reported that among 710 hospitalized patients with COVID-19, 44% had proteinuria along with 286 

15.5% and 14.1% with elevated serum creatinine and blood urea nitrogen, respectively [58]. 287 

Overall, AKI incidence in recently published data was shown to be fluctuating between 2.9-23% 288 

in severe cases of COVID-19 patients [8,18]. In a prospective cohort study of 701 patients with 289 

COVID-19, it was reported that increased baseline blood urea nitrogen, increased baseline serum 290 

creatinine, proteinuria and hematuria could be independent risk factors for in-hospital death after 291 

adjusting for age, sex, disease severity, comorbidity and leukocyte count [59] Potential 292 

mechanisms responsible for kidney injury remain to be elucidated, yet sepsis and inflammation 293 

leading to cytokine storm complications and/or direct cellular injury by virus are supposed to be 294 

the case in renal impairment. Accordingly, based on electron microscopic analysis in 26 295 

autopsies of patients with COVID-19 in China, there were clusters of coronavirus-like particles 296 

with distinctive spikes in the tubular epithelium and podocytes [60]. 297 
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Eye 298 

In spite of previous studies indicating ocular signs and symptoms in SARS patients, there are few 299 

investigations reporting ocular abnormalities in COVID-19 cases. In a study by Wu et al. 12 out 300 

of 38 patients (31.6%) had ocular symptoms typically conjunctivitis, inflammation in the eye 301 

mucus, and epiphora, excessive watering of the eye, without any blurred vision. All patients who 302 

developed ocular signs mostly were among patients with more severe symptoms or abnormal 303 

findings on blood tests. Also, despite being SARS-CoV-2 positive in nasopharyngeal swab, only 304 

5.2% of the cases had SARS-CoV-2 positive in conjunctival specimens which is in line with 305 

previous studies on SARS [61]. Also, based on a cross-sectional study, out of 72 COVID-19 306 

patients, only 2 patients with conjunctivitis were identified [62]. Another research on a 307 

confirmed COVID-19 patient provided evidence consistent with former studies. Viral RNA was 308 

detected in patient’s conjunctival sacs for a few last days of infection with lower viral load. 309 

Although the SARS-CoV-2 in tear specimens may represent a potential source of viral 310 

transmission, commonly with higher viral loads in severe ocular cases, it appears it’s not an early 311 

detection source for COVID-19 [63]. About ACE2, although it was found in the aqueous humor, 312 

its expression in more anterior tissues such as the conjunctiva or cornea is not yet known [64]. 313 

Conclusion: 314 

In addition to pneumonia and damage to the whole immune system cells, COVID-19 may also 315 

result in injury in the vital organs such as heart, liver, kidney, and even eye as well as in the 316 

organ systems CNS and gastrointestinal tract (Fig. 3). Therefore, particular attention should be 317 

given to the comorbidities of patients with COVID-19, particularly in older patients with severe 318 

symptoms. Increased attention to these comorbidities will help to better protect and manage 319 
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COVID-19 patients and mortality to be decreased. Variations in the extent of symptoms and 320 

varied incubation times together with having polymorphic severity could possibly relate to both 321 

the existence of evolving mutant strains of SARS-CoV-2 and also host genetic factors blended 322 

with environmental factors. In addition, given the heightened vulnerability of the elderly patients 323 

predominantly having comorbid conditions and the ones with immunosuppressed conditions, 324 

incoming studies should invest a focused effort for addressing the challenges. To date, in spite of 325 

intensive research, no effective antiviral drug or vaccine for COVID-19 is available; therefore, 326 

symptomatic and supportive treatments are rather crucial.  327 

 328 
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  3 

 4 

FIG 1: Comparative statistics between Iran and the globe according to WHO reports (A) Iran’s 5 

COVID-19 statistics, since the beginning until 2020/24/7, indicate the total number of confirmed 6 

SARS-CoV-2 infected patients and their outcomes in percentages. (B) At the same time span, 7 

world’s total COVID-19 statistics and outcomes are also shown in percentages.      8 

WHO: World health organization; COVID-19: Coronavirus disease 2019 9 
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 16 

 17 

FIG 2: Schematic of a normal and an injured alveolus. In normal state, the alveoli facilitate gas 18 

exchange and provide a medium for dispersal of surfactant and alveolar macrophages, which are 19 

necessary for maintaining alveolar stability and host defenses. When injured, e.g. in ARDS, the 20 

alveoli loss of epithelial and endothelial barrier integrity and loss of function result in increased 21 

permeability and pulmonary edema. Increased fluid accumulation together with the presence of 22 

pro-inflammatory mediators and activated macrophages make difficulty breathing. ARDS 23 

happen in severe cases of COVID-19 with fatal outcomes, if not managed properly.  24 

ARDS: Acute respiratory distress syndrome; COVID-19: Coronavirus disease 2019 25 

AT I: Pulmonary alveolar type I; AT II: Pulmonary alveolar type II 26 
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 29 

FIG 3: Vital organs affected by SARS-CoV-2 infection and their complications and symptoms. 30 

Blood biochemical parameters which may associate with multiple organ dysfunction and severity 31 

of COVID-19 can be used for its diagnosis and prognosis as well as monitoring of treatment 32 

effects.  33 

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ARDS: Acute respiratory 34 

distress syndrome; cTnI: Cardiac troponin I; CK-MB: Creatine kinase isoenzyme MB; LDH: 35 

lactate dehydrogenase 36 
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