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INTRODUCTION 

Corona virus disease 2019 (COVID-19) pandemic is a 

serious concern worldwide [1]. On December 30, 2019, 

concentrated pneumonia cases were reported in the Hubei 

province of China, which were found to be linked with a 

seafood market in Wuhan.  Chinese health authorities and 

the centers for disease control and prevention (CDC) 

announced that a novel coronavirus is causing pneumonia 

and international committee on taxonomy of viruses 

(ICTV) announced “severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2)” as the name of the new 

virus on 11 February 2020 and  at the same time WHO 

also announced the name of the disease caused by the 

virus as coronavirus disease 19 (COVID-19) [2]. SARS-

CoV-2 is a novel enveloped RNA beta coronavirus that 

causes pneumonia with fever, cough, and dyspnea [3]. In 

some cases, patients express non-respiratory symptoms 

and multiorgan failure such as kidney failure which 

indicates that SARS-CoV-2 might invade other organs 

such as heart, kidney, bladder, and esophagus [4]. In 

addition to respiratory organs, the expression of 

angiotensin-converting enzyme 2 (ACE2) protein has also 

been noticed in human kidneys [5]. The virus enters into 

a cell by its surface spike protein which binds to ACE2 

receptor via its receptor-binding domain (RBD). SARS-

CoV is proteolytically activated by human proteases but 
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ABSTRACT 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is cause of 
a global pandemic which is demolishing global health and economy. SARS-
CoV-2 infected patients are hospitalized with pneumonia where almost 20-
30% of patients are led to kidney failure. The entry of SARS-CoV-2 into the 
systemic circulation leads to acute kidney injury (AKI) which may develop 
chronic kidney disease (CKD). In addition, patients who are diagnosed with 
AKI or CKD are at major risk of SARS-CoV-2 infection. Although a significant 
number of compounds have been proposed and the existing drugs have also 
been tested for repurposing, no specific therapy has been approved yet. 
SARS-CoV-2 invades human cells binding to the receptor of angiotensin-
converting enzyme 2 (ACE2) via the receptor-binding domain. Cells that 
express ACE2 are susceptible to SARS-CoV-2 infection and the proportion 
of ACE2-positive cells in kidney proximal tubule is approximately 4%, 
indicating that SARS-CoV-2 might damage the kidney tubules leading to fatal 
kidney injury. Therefore, a better understanding of the potential mechanisms 
involved in SARS-CoV-2 infection-mediated kidney disease may unveil a 
novel therapeutic strategy against kidney diseases during COVID-19. 
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SARS-CoV-2 is preactivated by protease furin that 

reduces depending on human proteases for activation [6].  

There is a pandemic spread of COVID-19 and the 

increased COVID-19 morbidity and mortality in patients 

with kidney disease [7, 8]. Although a significant number 

of compounds have been proposed and the existing drugs 

have also been tested for repurposing, no specific therapy 

has been approved yet. Therefore, it is imperative to 

understand the knowledge on the potential mechanisms 

involved in SARS-CoV-2 infection-mediated kidney 

disease may unveil a novel therapeutic strategy against 

kidney diseases during COVID-19. 

 

SARS-CoV-2 INFECTION AND KIDNEY 
DISEASES 

Like SARS-CoV-1 and MERS viruses, SARS-CoV-2 

infections were expected to exhibit pneumonia-like 

syndromes such as diffused alveolar damage and acute 

respiratory failure [9]. Multiple organ like kidneys, 

gastrointestinal tract, liver has been reported during 

SARS-CoV-1 infection in 2003 [10] and recently in 

patients infected with SARS-CoV-2 [4, 11].  

The heterogeneous disorders that affect the structure and 

function of the kidney are generally termed as chronic 

kidney disease (CKD). In CKD, kidney damage happens 

slowly and can’t filtrate blood the way they should do. 

Kidney damage (i.e, increase in albuminuria) or reduction 

of kidney function (ie, GFR< 60 mL/min per 1.73 m²) for 

3 months or more, irrespective of clinical diagnosis may 

lead to development of CKD [12]. CKD is associated with 

an increased risk of both inpatient and outpatient 

pneumonia [13] where mortality rate in CKD patients 

appears to be 14–16 times higher [14]. Though only 0.7% 

of patients of 1099 cases had chronic kidney failure in 

Wuhan, China [15], during the early stages of the 

pandemic found that 2–4% of COVID-19 patients had 

chronic kidney failure [16]. Recent studies suggest that 

acute kidney injury (AKI)  can contribute to the 

progression of CKD and end-stage renal disease (ESRD) 

[17, 18]. Endothelial injury, glomerular hypertension, 

interstitial fibrosis are the main causes of CKD associated 

with AKI. AKI is a severe symptom of the COVID-19 [4]. 

Among the AKI patients with SARS-COV-2 infection, 9% 

of cases are non-severe and 66% of cases are severe and 

among them, 49% patients died of due to severe AKI [7]. 

During AKI, the glomerular filtration rate (GFR) is 

suddenly reduced with retaining nitrogenous wastes. It 

also interrupts extracellular fluid volume, electrolytes, 

and homeostasis in the body [4]. COVID-19 patients who 

developed AKI had 5.3 mortality [19]. Intensive care unit 

(ICU) patients had increased creatinine (15.8% vs 4.1%) 

and BUN (26.3% vs 5.7%) [8]. In addition, autopsy 

studies suggest that patients with COVID-19 are 

consistent with direct viral infection of the kidney [20, 21].  

Dialysis is required for both the AKI and CKD patients. 

Twenty-five percent of all CKD patients have a prior 

history of AKI [22].  Dialysis patients are more 

susceptible to upper respiratory tract infections as well as 

have a higher complication rate of these diseases [23]. 

Both AKI and CKD causes uremia, elevated the blood 

urea level, which is associated with inflammation and 

reduction of immune cell function [24]. This phenomenon 

can explain the susceptibility of CKD patients to SARS-

CoV-2. As the number of COVID 19 patients increased, 

medical facilities and/or dialysis facilities for CKD 

patients became deficient. This might worsen the uremic 

condition and contribute to compromising the immunity 

of CKD patients leaving them more vulnerable to the 

infection. In addition, the most commonly found 

condition in CKD patients with SARS-COV-2 infection 

is type-2 diabetes and hypertension [25, 26]. Considering 

the seriousness of association of SARS-CoV-2 infection 

in kidney disease, it is necessary to find out the exact 

mechanisms involved in the pathogenesis to develop the 

potential therapy for the patients. 

 

MECHANISM OF SARS-COV-2 IN KIDNEY 
DISEASES 

ACE2 expressing cells are the key targets for SARS-CoV-

2 infections as they can allow virus entry, multiplication, 

spread, and pathogenesis [27]. On account of SARS-

COV-2 infection, human kidney is a specific target for the 

virus since ACE2 expression is much higher in kidneys 

than the lungs [28]. Moreover, SARS-COV-2 has a great 

affinity for ACE2, consequently kidney may act as a 

reservoir for the virus [29]. As a matter of fact, the precise 

mechanism of SARS-CoV-2 to AKI or CKD is not well 

understood. Studies of patients with COVID-19 show that 

the direct viral infection of the kidney and expression of 

molecules that mediate viral entry may be cell type-

specific [21]. In addition, AKI pathogenesis is 

multifaceted and associated mostly with kidney tubular 

cell injury [30-33]. Since the exact mechanism of kidney 

involvement in SARS-CoV-2 infection is unknown, here 

we have summarized the knowledge on mechanisms as 

below (Figure 1). 

Recently, single-cell RNA-seq (scRNA-seq) was 

performed on the urinary system, specifically kidney and 

bladder [4]. Single-cell RNA-seq data demonstrate high 

expression of ACE2 in kidney proximal tubule and the 

bladder urothelial cells. The number of ACE2-positive 

cells in kidney proximal tubule and bladder urothelial 

cells was 4% and 2.4%, respectively. Therefore, the 

kidney should be considered as a high risk for potential 

COVID-19 infection since SARS-CoV-2 can invade non-
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respiratory organs [4]. In addition, corona virus (CoV)-

infection increases inflammatory response by depletion of 

angiotensin (Ang) 1–7 and Ang 1–9 levels when ACE2 

can cause kidney damage along with other organs [9]. 

Since glomeruli microscopy imaging showed normal 

morphologies in COVID-19 patients, it is postulated that 

kidney injury may be due to accumulation of immune 

complex of viral antigen or virus-induced effectors of 

immune system [34].  

Proinflammatory cells like CD4+ T cells, CD56+ and 

CD68+ macrophages can cause direct cell infiltration and 

cell injury subsequently SARS-CoV-2 enter into proximal 

tubular cells [35]. SARS-CoV-2 can be detected in distal 

convoluted renal tubules and proximal straight tubular 

cells [5]. In addition, inflammatory cells such as CD68+ 

macrophages, CD4+T cells, CD56+ natural killer (NK) 

cells, and CD8+T cells were observed in the 

tubulointerstitium of the SARS-COV-2 infected tissue 

and hyperactivation of these inflammatory cells may 

enhance fibrosis, cause epithelial cell necrosis and bring 

about microvascular change [5, 36]. Further, the 

significant presence of viral RNA in urine was reported 

[37]. These observations suggest that SARS-CoV-2 

infection-mediated inflammatory signals may lead to 

development of fibrosis in kidney disease. 

The activation of C5b-9 complex, known as membrane 

attack complex observed in tubules or glomeruli of 

COVID-19 patients which causes renal parenchymal cells 

to release proinflammatory cytokines, ROS and 

profibrotic factors inducing acute tubular necrosis leading 

to kidney damage [38]. This study suggests that the 

development of AKI in SARS-COV-2 infection occurs 

also through C5b-9 expression and deposition since it is 

absent in normal kidney tissue [5]. In addition, cytokines 

release might exert indirect effects on renal tissue, such as 

hypoxia, shock, and rhabdomyolysis [16]. Insufficient 

blood flow-induces AKI increases HIF-1 and ROS 

leading to mitochondrial dysfunction [39]. In addition, a 

heatmap shows that SARS-CoV-2 infection 

downregulates mitochondrial processes such as electron 

transport chain and respiration [40]. 

Patients with severe SARS-CoV-2 infection requiring 

intensive care may suffer from cytokine storm syndrome 

(CSS) [41]. Cytokine storms can be caused due to excess 

production of immune cells [42] and mediators of pro-

inflammatory and inflammatory cytokines [9, 41, 43]. 

Critical autoimmune inflammation and life-threatening 

Figure 1. Possible mechanisms involved in the SARS-CoV-2 in kidney diseases. After binding spike protein of SARS-COV-2 with ACE2 receptor 

of the proximal tubule, it directly enters in the cells. Consequently, the release/activation of AKI inducing factors such as inflammatory cytokines, 

activation of C5b-9 complex, and induction of hypoxia (ROS, HIF-1) which may lead to mitochondrial injury, cell deaths, and loss of brush 

border. Along with these, the system inflammatory responses may induce tubular epithelial injury and fibrosis that ultimately causes CKD. 
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edema were manifested in SARS-CoV-2 and SARS-CoV 

infected patients [41]. TH17 type responses, a marker of 

severe SARS-CoV-2 infection are induced by several 

cytokines, such as IL-17, IL-22, and TNFα [44]. A 

previous study demonstrates that cytokine release 

syndrome (CRS) or cytokine storm in the kidney induces 

AKI in SARS-COV-infected patients instead of active 

viral replication [45]. All of these occurred in AKI, 

subsequently develops kidney inflammatory response, 

microcirculatory dysfunction, mitochondrial injury, cell 

necrosis, and fibrosis leading to CKD or kidney damage 

[30, 31]. The synergistic effect of all of these factors may 

be connected to the increased incidence of AKI in 

COVID-19 patients along with state of dehydration, toxic 

tubular damage, and drug-induced nephrotoxicity [46]. 

AKI is directly linked to the progression of CKD and 

studies proved that AKI is also a cause of CKD [18]. 

Since COVID-19 is a recent epidemic and development 

of CKD required a period of months to a year, information 

from further studies are needed to understand the exact 

mechanisms in development of CKD in SARS-CoV-2 

infected patients. 

 

FUTURE DIRECTION AND CONCLUSION 

SARS-CoV-2 infection has a fast expansion rate and can 

cause death to patients. COVID-19 patients who 

developed AKI or CKD are experiencing higher mortality. 

People of all ages are at risk of the SARS-CoV-2 virus 

infection. The virus can be exposed of by not only patients 

with clinical symptoms but also by them who are not 

showing any active clinical symptoms. There are no 

specific treatments or vaccines for this virus because the 

virus mutations could make them impractical. But by 

taking some effective steps [47-51], we can reduce the 

rate of death cases. SARS-CoV-2 infected patients who 

need dialysis should be instructed properly because of the 

inflexibility of diagnosis, and immunosuppression as well 

as use of antiviral drugs. Further, the medical workers 

should pay additional care to the dialysis patients infected 

by SARS-CoV-2 [52]. Since existence of SARS-CoV-2 

in urine was revealed, urine tests might be potential 

diagnostic option for COVID-19, especially in 

developing countries.  

In conclusion, the release/activation of AKI inducing 

factors such as mitochondrial injury, cell deaths, and loss 

of brush border in addition with the system inflammatory 

responses may induce tubular epithelial injury and 

fibrosis that ultimately may cause CKD during SARS-

CoV-2 infection. Considering seriousness of kidney 

injury in SARS-CoV-2 infected patients, enormous effort 

must be paid by researchers to better understand the 

mechanism of action to identify new strategies to improve 

the therapeutic options for treating kidney disease in 

SARS-CoV-2 infected patients.  
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