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Novel corona virus disease (COVID-19) has so far has killed more than 3.7million and infected more than 175 million till 
June, 2021 throughout the world. The virus causes a severe infection which not only affects the lungs but other human 
vital organs such as the heart, kidneys, and liver also become vulnerable to the virus and can lead to various 
complications. The pathogenesis of the disease is complicated and results in multiple vital organ dysfunctions. There is a 
dire need for understanding the pathogenesis of the infection so the effects of the virus can be effectively treated in 
human vital organs. The present study aimed to focus on the understating and evaluating the effects of COVID-2019 on 
various vital systems organs including the respiratory system, nervous system cardiovascular system, and other organs 
such as the kidney and liver. Moreover, we have highlighted the novel virus pathogenesis through its interactions with 
human cells. This will add significant information to the body of scientific knowledge and will increase the understanding of 
physicians about the effects of COVID-19 on vital human organs. There is a dire need for understanding the pathogenesis 
of the infection so the effects of the virus can be effectively arrested in human vital organ 
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INTRODUCTION 

Coronaviruses are the members of family 
Coronavirinae in the Nidovirales order. Its outer surface 
has crown-like spikes; therefore, named as corona virus. 
Corona viruses have a diameter of 65–125 nm with a 
single-stranded RNA. The size of RNA ranges from 26-32 
kilo bases in length (Fig. 1). The other sub-groups of 
Coronaviridae family are Alpha corona virus, Beta corona 
virus, Gamma corona virus and Delta corona virus(Woo et 
al. 2012). These are enveloped RNA viruses, widely 
distributed among humans, birds and other mammals that 
cause respiratory, cardiac, hepatic and neurologic 
diseases(Weiss and Leibowitz, 2011; Zhu et al. 
2020).Even though the first member of the corona virus 
family was identified in the 1930s, corona viruses became 
of scientific concern when the extreme outbreak of acute 
respiratory syndrome ( SARS) struck the world in 2002–03 
and recently in 2019(Hudson and Beaudette, 1932). The 
current outbreak(December 2019) of corona virus that 
originated from Wuhan city of China, has killed more than  
3.7million and infected more than 175 million till 
June,2021 throughout the world(Asapu et al. 2021). It was 
reported to be a member of the Beta corona virus group 
and was named as 2019-2019nCOV (2019 novel corona 

virus). This newly emerged virus was named SARS-CoV-2 
and the disease as COVID-19 (Corona virus disease 
2019) by the International Committee on Taxonomy of 
Viruses (ICTV) (Shereen et al. 2020). The key clinical 
symptoms of the disease are fever, sore throat ,headache, 
dry cough, fatigue, shortness of breath, , blood in saliva 
and patients also exhibited characteristic chest radiograph 
findings(Rangraze and Khan, 2021) (Bogoch et al. 2020).It 
has been shown in various studies that the virus has 
strong human-to-human transmission capability (Hui et al. 
2020). Till now, no specific therapeutic agents are 
available to counter this virus and recent management 
strategies currently involves, patient quarantine, travel 
restrictions and supportive medical care. Once the virus 
enters into the body by binding to Angiotensin converting 
enzymes (ACE2)receptors, it causes a severe infection 
which not only affects the lungs but other human vital 
organs like heart, kidneys and liver also become 
vulnerable to the virus and can lead to various 
disorders(Wu and Zha, 2020; Xu et al. 2020). Based on 
the available data, this review aimed to understate and 
evaluating the effects of COVID-2019 on various vital 
human organs including lungs, heart, kidneys,  liver and 
brain. Also, we tried to summarize the novel virus 

http://www.isisn.org/
mailto:meet_ibrar@yahoo.com


Ibrar et al.                                  Effects of coronavirus disease (COVID-19) on human vital organs: Current perspective  

 

    Bioscience Research, 2022 volume 19(1): 549-556                                                                      550 

 

pathogenesis through its interactions with human cells. 
 

 
 

Figure 1: SARS-COV-2 structure 

Pathogenesis 
After entering the living system, corona viruses attach 

their envelopes with host cell membranes; transfer their 
genetic information further into cells that are affected. This 
critical fusion is facilitated by glycosylated spike proteins 
on the virion's surface that interfere with suitable surface 
receptors on the host cell membrane. Angiotensin-
converting enzyme 2 (ACE2) receptor is a recognized 
human cell surface protein over which 2019nCOV spike 

proteins bind specifically, as shown in Fig 2 (Mohaimin et 
al. 2021) (Wevers and Hoek, 2010).The spike 
glycoproteins comprises of two subunits; S1subunit – that 
binds to the receptors on the cell surface; and S2 subunit 
– that  fuses with the cell membrane. A host trans-
membrane protease (serine protease TMPRSS2) 
mediates entry of SARS-COV into cells following two 
separate mechanisms. Just after spike subunit S1 binds to 
the enzyme ACE-2 on the surface of the cell membrane, 
TMPRSS2 activates the ACE-2 spike and cleaves 
it.TMPRSS2 also acts on the spike glycoprotein's S2 
subunit triggering, activating, and encouraging the fusion 
of the virus into the cell membrane, resulting in an 
irreversible conformational shift. ACE2 is an important 
protein and plays a significant role in the rennin-
Angiotensin system. The secretion of renin from the 
kidney activates the renin-angiotensin system which as a 
result activates different physiologic pathways in the liver, 
kidney, cardiovascular, respiratory and central nervous 
system (Clarke and Turner, 2011). Once the virus enters 
into the body by binding to these receptors, it causes a 
severe infection which not only affects the lungs but other 
human vital organs like heart, kidneys and liver also 
become vulnerable to the virus and can lead to various 
disorders(Wu and Zha, 2020; Xu et al. 2020). This disease 
was also concerned with several direct and indirect 
cardiovascular complications including acute myocardial 
damage, venous thromboembolism, myocarditis and 
arythmias (Driggin et al. 2020). 

 

 
 

Figure 2: The host cells life cycle of SARS-CoV-2 (Wevers and Hoek, 2010) 
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2019nCOV effects on human lungs 
After the outbreak of CoVID-19, it has been a key 

question that why the lungs are the most vulnerable target 
organs for 2019nCOV.Previous studies revealed that 
there are some biological factors which make the lung 
highly susceptible to the inhaled 2019nCOV. ACE2 
receptors are widely distributed in alveolar cells which 
suggest that these cells serve as a reservoir for 
2019nCOV invasion and facilitates its replication in alveoli 
of the lung (Zhao et al. 2020).  

Type I and II alveolar cells are present in alveolar 
epithelial surface. Alveolar type I cells account for 96% of 
alveolar surface area. These cells are incredibly thin and 
therefore reduce the gap of diffusion between alveolar 
controlled airspace and capillary pulmonary blood. The 
virus is supposed to be attached and inserted into those 
cells. After a virus has penetrated an epithelial cell, it may 
remain inactive for some time before replication begins. 
The virus is released after it has reached some proportion 
in terms of a volume fraction. Some of the viruses will 
reach the bloodstream while others bind themselves to 
neighboring cells and repeat the same process. Many 
viruses that pass in the blood can enter the bone marrow 
for B cells to activate them. The B cells activated enter the 
secondary immune organs to produce clones. While for 
this virus the exact time to complete the virus replication 
cycle is uncertain, the reproductive period for other viruses 
such as bacteriophage ranges from 10 minutes to several 
hours. Viral entrance into the cytoplasm also varies 
depending on an acidic pH of endosomes (Groneberg et 
al. 2005). When delivered into the cytoplasm, the virus 
uses a viral RNA-dependent RNA polymerase (i.e. 
Replicase) to accelerate viral replication, generate viral 
particles for exocytosis and hence subsequent infection of 
neighboring cells (Subissi et al. 2014). 

Although the host cells can keep the virus in a 
suspended state, the virus can rapidly invade several cell 
layers in a time window needed to produce substantial 
bloodstream concentration of the virus(Wu and Zha, 
2020). This helps the direct cell to cell transmission of the 
virus, which may play a key role in respiratory disease 
etiology and suppression of the immune system. The 
alveoli cannot support the bronchial tubes after they 
damage the alveoli and the lung tissues. The tubes break 
down and create an obstruction that traps air within the 
lungs. Since alveoli function is reduced, less oxygen 
would be capable of passing into the bloodstream. The 
lungs are started to swell, and diminishing their function. 
The worsening of lung tissue thus deteriorates the state of 
blood supply in the tissue. The lack of blood supply in the 
lung tissues results in low energy output and thus 
significantly decreases the capacity of the lung to 
consume oxygen. Significantly lower level of oxygen 
depletes energy metabolisms in the body. The heart would 
now decrease the capacity to pump, the kidneys will be 
less willing to absorb waste and the liver will not be 
capable of performing its roles of filtering blood, exfoliating 

chemicals and metabolizing medicines. The blood supply 
of the damaged system would further weaken the working 
potential of the lung and make lung muscles even weaker. 
As long as this waste disposal balance is not preserved, 
the body degrades viciously to the point that one or more 
functions of the organ fall below the death threshold (Wu 
and Zha, 2020). 

2019nCOV effect on the cardiovascular system 
During past historical epidemics caused by the 

influenza virus, many cardiovascular complications such 
as myocardial infarction (MI), myocarditis and heart failure 
have been recognized and contributes to increased 
mortalities in patients (Nguyen et al. 2016). Furthermore, 
the severity of SARS and its consequences are increased 
in patients already suffering from cardiovascular disease. 
Arrhythmia, bradycardia, hypotension, tachycardia and 
even immediate cardiac  associated deaths are common 
in SARS patients (Badawi and Ryoo, 2016; Wang et al. 
2020). As previous studies indicated that SARS-CoV-2 
binds to ACE2, cells expressing appropriate viral 
receptors(Zhang et al. 2020). The presence of ACE2 in 
the heart provides a link between the cardiovascular 
system and SARS-COV-2. Research studies on human 
autopsy specimens and murine models suggest that 
corona viruses down-regulate both pulmonary and 
myocardial ACE2 pathways, as a result, mediates lung 
edema, acute respiratory failure and myocardial 
inflammation (Oudit et al. 2009). For instance, ACE2 
expression in patients with cardiovascular disorders has 
been suggested for enhanced susceptibility to 
2019nCOV19  (Zheng et al. 2020), However, there is a 
risk that pro-inflammatory cytokines may be up-regulated 
in SARS patients' lungs and other organs, and that 
systemic inflammatory response syndrome can follow a 
mechanism for multi-organ failure (specifically heart) in 
severe and worse cases (Xiong et al. 2020). Literature 
data from multiple studies show that inflammatory markers 
ranging from CRP, IL-6, IFN-γ, to TNF-α are involved in 
SARS-CoV-2 infection with high fraction(Tan and 
Aboulhosn, 2020), That was posed to make a contribution 
to consequent inflammatory response and cytokine storm. 

To confirm the effect of 2019nCOV on the 
cardiovascular system, a case was reported where 53 
years old white woman with a history of having fever and 
cough one week before. She didn’t have any history of 
cardiovascular disease. A nasopharyngeal swab was 
tested on real-time reverse transcriptase-polymerase 
chain reaction analysis with a positive result for SARS-
CoV-2.  
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Figure 3: Possible COVID-19mechanisms of cardiac injury. 

 
Blood test revealed an elevated level of cardiac troponin 
T, creatine kinase-MB, brain natriuretic peptide and a 
slight increase in C-reactive protein. In this case, heart 
level  of troponin rises as a responsive myocardial 
infaarctive marker, cardiac MRI results showing differential 
edoema, and sluggish gadolinium downpour are 
consistent with acute myocarditis (Inciardi et al. 2020), 
which proves the effect of 2019nCOV on the 
cardiovascular system. The other mechanism involved in 
damaging the cardiovascular system is extreme hypoxia 
from virus-induced acute respiratory injury. This can cause 
oxidative stress and myocardial injury due to increased 
demand for myocardial oxygen in the presence of serious 
hypoxia pertaining to lung injury (Fig 3). Besides these, 
the occurrence of disseminated intravascular coagulation 
(deep vein thrombosis, pulmonary embolism) in certain 
patients is also of great clinical interest but it needs more 
research to know the proper mechanism. 

2019nCOV effects on human kidneys 
In the current pandemic of COVID-19 renal failure has 

been reported in many patients, suggests the direct or 
indirect effect of 2019nCOV on human kidneys (Fig 4) (Su 
et al. 2020). The 2019nCOV involvement in kidney 
disease has a complicated aetiology but the possible 
mechanisms of kidney engagement in these patients can 
be divided into several factors including ACE2, cytokine 
damage, organ crosstalk and systemic effects (Qian et al. 
2020). 

As previously mentioned, SARS-CoV-2 communicates 

with human ACE2 molecules through its spike protein. In 
addition to respiratory passages, the  ACE2 protein 
expression was also found in human reins, as some 
COVID-19 patients had a high proteinuria level (Cheng et 
al. 2020). ACE2 has been reported to be highly expressed 
in the kidney within the brush border of proximal tubular 
cells and to a smaller degree in podocytes, though not in 
glomerular endothelial and mesangial cells(Ye et al. 
2006). As ACE2 is highly expressed in renal tubules and 
the presence of viral nucleocapsid protein (NP) antigen 
was detected by immunohistochemistry in patients 
suffering fromCOVID-19 (Diao et al. 2020). It indicates 
that SARS-CoV-2 directly infects the human kidney, 
causing acute kidney injury and leading to body-wide viral 
spread. 

The occurrence of cytokine storms, also known as 
Cytokine release syndrome  has been detected since the 
first report of the disease (Huang et al. 2020). In this 
condition, the acute kidney injury may occur due to 
excessive permeability of vasculature, intrarenal 
inflammation and the worse cardiomyopathy which may 
be a leading cause of cardiorenal syndrome type 1. Pro-
inflammatory IL-6 is considered to be the most important 
causative cytokine in Cytokine release syndrome. An 
elevated level of  IL-6  was detected in plasma 
concentration among patients suffering fromCOVID-19 
(Wu et al. 2020). 

Similarly, Heart–kidney crosstalk could also contribute 
to acute kidney injury. The acute viral myocarditis and 
cardiomyopathy due to cytokine release syndrome can 
both lead to hypotension, renal vein congestion and renal 
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hypoperfusion, resulting in a reduction in glomerular 
filtration rate. Collectively the above mechanism suggests 
that 2019nCOV-19 infects the human kidneys directly or    

indirectly to induce acute renal failure in patients. 
 
 

 
Figure 4: effect of COVID-19 on human kidney 

 

Effect of COVID 19 on the liver: 
Many studies have reported liver involvement in 

patients infected with2019nCOV (Chau et al. 2004).As this 
virus not only affect lungs, heart, kidney and other organs, 
the researchers have also observed liver disjunction in 
many clinical cases which indicates that 2019nCOV may 
cause hepatic injury of different degrees (Li et al. 2020a). 
The mechanism of liver injury by 2019nCOV is not clear 
but in this portion will review the mechanism of liver 
involvement on the currently available data. Liver injury 
may be caused due to direct virus-induced cytopathic 
effect. 

It is known that SARS-COV uses ACE2 receptor for 
cell entry. ACE2 was found to be highly expressed on the 
liver's endothelial cells , making the liver a possible target 
for 2019nCOV (Hamming et al. 2004). Evidence from two 
separate cohorts showed substantial amplification of the 
expression of ACE2 in cholangiocytes (59.7%) relative to 
hepatocytes (2.6%), indicating that SARS-CoV-2 could 
directly bind to ACE2-positive cholangiocytes to 
dysregulate function of liver (Chai et al. 2020). However, 
only a low frequency of ACE2 expression is observed in 
cholangiocytes,but not in hepatocytes, Kupffer cells, and 
endothelial cells.29Recently, the single-cell RNA-seq data 
from two independent cohorts suggest cholangiocyte-
specific expression of ACE2 inhuman liver samples. 
Similarly, single-cell sequencing and 
immunohistochemistry study showed that ACE2 was only 

expressed in bile duct epithelial cells of normal liver 
tissues and very minimally in hepatocytes. 

Furthermore, immune-mediated inflammation in 
patients with COVID-19 who are critically ill may lead to 
liver injury. Recent researches have shown that an 
inflammatory cytokine outbreak has negative impacts on 
SARS-COV or MERS-COV infection. Inflammatory 
cytokine storm is a hyperactive immune reaction which 
results in chronic stimulation of macrophages and 
lymphocytes which release an immense amount of 
inflammatory cytokines. Therefore, typical lymphopenia 
during SARS-CoV-2 infection can lead to increased levels 
of interleukin based markers and exaggerated 
inflammatory responses, it not only make injury to lungs 
but also to non pulmonary organs including hepatic injury. 
In COVID-19 patients, data regarding risk factors for liver 
injury showed that, CRP and lymphopenia were critically 
concerned with liver injury indicating that inflammatory 
cytokine storms may be the key mechanism (Musa, 2020). 

Another potential contributing factor may be the high 
levels of expiratory pressure that can induce hepatic 
obstruction by raising the right atrial pressure and 
preventing venous return. However, published literature 
indicates that admitted COVID-19 patients have liver 
defects despite of oxygen therapy. In addition, the 
prevalence levels of aminotransferase among COVID-19 
patients does not endorse hypoxic hepatitis as being 
typical (Bangash et al. 2020). 
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Figure 5:COVID-19 entry into CNS (Vellingiri et al. 2020) 

2019-2019nCOV on the nervous system 
The SARS-COV-2 infection is not only confined to lungs, 
heart, kidney and liver but it also invades the central 
nervous system and induces neurological disorders (Fig. 
5) (Vellingiri et al. 2020). Many strains of beta corona 
viruses which include SARS-COV-2 Human corona virus 
229E, MERS-CoV, human coronavirus-OC43, Porcine 
Hemagglutinating Encephalomyelitis Virus and mouse 
hepatitis virus has the potential to cause neurological 
disease (Vellingiri et al. 2020). The exact mechanism is 
unknown but it is believed that 2019nCOV initially invade 
the peripheral nervous system and enters the CNS 
through synaptic route (LeRoy et al. 2004). Similarly, a 
study reported that CNS disorders may be due to less 
supply of air into the lungs which may be the defect in 
respiration controlled by the central nervous system (Li et 
al. 2020b). Another study reported the alteration of taste 
and smell in 2019nCOV infected patients which may be 
considered potential consequences of these nerve injuries 
(Keyhan et al. 2020). 

CONCLUSION 
Based on the evidence obtained from available 

literature, it is evident that COVID-19 affects human vital 
organs such as lungs, kidneys, liver and cardiovascular 

and nervous systems through multiple mechanisms, 
however, more detailed studies are needed to be carried 
out in COVID-19 patients using sophisticated diagnostic 
tools.  This review of literature will increase the 
understanding of physicians about the effects of COVID-
2019 on vital organs and will help them design therapeutic 
strategies for arresting the infection in vital organs.  There 
is an urgent need for high-quality research in this area to 
provide updated information to the scientific community. 
Implementing effective antiviral drugs that can cross the 
blood-brain barrier is critical. Hence more novel methods 
are needed to detect this earlier viral infection. 
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