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Abstract: Novel Corona Virus Pneumonia (Corona Virus Disease 2019, COVID-19) in December 2019 became an epidemic disease. 

Chronic kidney disease (CKD) patients are highly sensitive to COVID-19, in-depth study and understanding of the mechanism of action 

and prevention and treatment strategies of CKD patients infected with novel coronavirus appears to be crucial. This article explored the 

selected topic by combing the relevant literature, and summarized the susceptibility to COVID-19 and the mechanism of renal involvement 

in CKD patients; the article shows that COVID-19 mainly enters the cells with ACE2 as the receptor to damage the kidneys directly, but 

also through cytokine storm, endothelial damage, immune dysregulation and other indirect ways of renal damage.  
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1. Introduction 
 

COVID-19 is an emerging acute respiratory infectious disease 

caused by "SARS-CoV-2" (severe acute respiratory syndrome 

corona virus 2), which is mainly characterized by rapid 

transmission and universal susceptibility. Patients with 

COVID-19 present with fever, dry cough, and malaise [1], 

and the main organ involved is the lungs, although 

extrapulmonary organ involvement has also been noted in 

several studies [2]. CKD is chronic renal structural and 

functional dysfunction (history of renal damage greater than 3 

months) of various causes, including glomeruar filtration rate 

(GFR) normal and abnormal. GFR) normal and abnormal 

pathological damage, abnormal blood or urine composition 

and abnormal imaging, or unexplained GFR decline (<60 

ml/min-1.73 m2) for more than 3 months [3]. 

 

Current studies have found that COVID-19 damages the 

kidney by various mechanisms, mainly infecting cells with 

angiotensin converting enzyme 2 (ACE2) as a receptor [4]. 

Since the kidney is an organ with high expression of ACE2, it 

is more susceptible to neocoronavirus invasion [5]. Acute 

kidney injury (AKI) caused by neocoronaviruses has become 

one of the independent risk factors for patient mortality, and 

the risk of death during hospitalization for neocoronavirus 

pneumonia in CKD patients is much higher than usual [6].  

 

2. Literature Search Strategy 
 

We searched PubMed, Web of Science, China Knowledge 

Network (CNKI) and other databases, and the search time was 

set as the period from the establishment of the database to 

May 2023, and the search terms in Chinese included "novel 

coronavirus", "chronic kidney disease" and "acute kidney 

injury". "acute kidney injury", English search terms include 

"Corona Virus Disease 2019" "Chronic kidney disease "" 

acute kidney injury". Inclusion criteria: Literature related to 

the susceptibility of CKD patients to COVID-19 and the 

mechanism of renal involvement. Exclusion criteria: 

Literature not related to the topic of this article, poor quality, 

and unavailability of full text. Finally, 28 articles were 

included in the literature. 

 

3. Susceptibility of CKD patients  
 

The main organ of COVID-19 infection is the lung, but 

extrapulmonary infections are also prominent in the clinical 

course. In the case of the kidneys, which are richly 

vascularized, renal blood flow accounts for 25% of cardiac 

output, and although this high renal blood flow is effective in 

balancing electrolytes and acid-base levels, hypersensitivity 

counteracting hemodynamic changes, systemic, infectious, or 

immune disorders is unavoidable [2]. 

 

COVID-19 is highly contagious and the population is 

generally susceptible, especially those who are frail and have 

poor resistance. CKD patients are more susceptible to 

COVID-19 infection due to the functional defects of innate 

immune cells and their pro-inflammatory state leading to an 

increased susceptibility of the organism to infection [7]. Li 

Juan [8] and others pointed out that CKD patients are mostly 

an elderly population with multiple comorbidities, which 

often have an imbalance of CD4+/CD8+ and a decrease in the 

activity of natural killer cells; and secondly, some CKD 

patients need to take glucocorticoids and 

immunosuppressants, which can further compromise their 

immune system and increase susceptibility to COVID-19; in 

addition, since blood from the entire body passes through the 

kidneys several times a day, and certain small arteries and 

capillaries in the kidneys may be damaged by SARS-CoV-2, 

viruses and inflammatory cytokines in the bloodstream can 

damage the kidneys; finally, as a CKD patients, a subgroup of 

patients, dialysis patients are a more susceptible population, 

with a higher probability of being exposed to potentially 

contaminated environments because their routine treatments 

usually require travel to hospitals. 

 

Considering all of the above reasons, CKD patients are more 

susceptible to COVID-19 than the general population. The 

development of COVID-19 may result in rapid deterioration 

of impaired kidney function and even death.  

 

4. Mechanisms of Renal Involvement 
 

Renal involvement in patients with neocoronary pneumonia is 

dominated by tubular damage, and their renal symptoms 
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include proteinuria, hematuria, and AKI, which mostly occur 

in critically ill patients [9]. 

 

4.1 Direct Renal Damage 

 

It is academically recognized that this new coronavirus is 

similar to the SARS virus (SARS-CoV) that arose in 2003, 

and both have similar cellular receptor recognition 

mechanisms [10]. Both SARS-CoV and SARS-CoV-2 are 

morphologically coronaviruses, with 79.5% homology, and 

therefore SARS-CoV-2 is regarded as a variant of SARS-CoV 

[11]. 

 

Spiny glycoproteins (S proteins) distributed on the surface of 

the coronavirus envelope are key determinants of coronavirus 

host selection and tissue tropism [12], which can facilitate 

viral entry into target cells and are the main target of action for 

a variety of antibodies [10]. In 2003, ACE2 was shown to be 

an important receptor for SARS-CoV. Yu Che [13] et al. 

proposed that ACE2 is an enzyme in the renin-angiotensin 

system (RAS) that acts as a receptor to assist the 

SARS-CoV-2 virus to invade host cells and thus cause 

infection. ACE2 has several genes related to viral evolution, 

replication, life cycle and aggregation, and thus promotes 

viral replication [14]. Similar to SARS-CoV, SARS-CoV-2 

also targets the S-protein, but due to viral mutation, the 

S-protein of SARS-CoV-2 forms a tighter "molecular ridge", 

which enables SARS-CoV-2 to better attach to the ACE2 

receptor and spread at a high rate, which is a key factor in the 

development of SARS-CoV-2. One of the molecular bases for 

the high infection rate of SARS-CoV-2 is the activation of S 

proteins by hydrolysis of various host proteases, among which 

the role of transmembrane serine protease (TMPRSS2) is the 

most representative one [15], which plays an assisting role in 

the infection of SARS-CoV-2. 

 

ACE2 is highly expressed in renal tissues especially at the 

proximal renal tubules [9]. Based on histopathological 

analysis that reveals the manifestation of kidney injury caused 

by neocollagenic infection, the expression of ACE2 and 

TMPRSS2 in human renal cells was also further confirmed 

using single-cell transcriptome sequencing (scRNA-seq) [10]. 

In RAS, ACE2 functions to enzymatically cleave Ang II to 

form more short peptide Ang (1-7) with protective function, 

which in turn acts as a vasodilator, anti-inflammatory, 

anti-oxidative stress, anti-thrombotic, and anti-fibrotic [16]. A 

previous study found that ACE2 expression decreased after 

SARS virus infection, leading to the loss of its protective 

function in tissues [13]. Following viral infection, tubular 

injury can be induced by deposition of MAC complexes (the 

final step of the complement cascade) on renal tubules and 

infiltration of CD68+ macrophages in the tubular interstitium 

[14]. SARS-CoV-2 also promotes loss of the proximal tubular 

brush border, non-isometric vacuolization, and necrosis [17]. 

Renal biopsies of patients with COVID-19 were suggestive of 

collapsing glomerular (CG) disease, significant acute tubular 

injury was observed by light microscopy, viral particles were 

detected in tubular epithelial cells and podocytes by electron 

microscopy, and immunofluorescence staining of 

SARS-CoV-2 nucleoprotein in renal tubular cells was 

positive; these pathologic findings suggested that 

SARS-CoV-2 infected renal parenchymal cells [9]. 

 

These results suggest that the novel coronavirus can directly 

cause renal tissue damage. 

 

4.2 Indirect Renal Damage 

 

4.2.1 Cytokine storm 

 

Cytokine storm, also known as cytokine release syndrome 

(CRS), is a rapid, massive release of multiple cytokines in the 

body [18]. Hyperactivation of the immune system during 

COVID-19 infection may trigger CRS, causing severe 

inflammation and destroying kidney tissue. Virus-induced 

CRS causes the body to release large amounts of granulocyte 

colony-stimulating factor, various interleukins and IFN, 

which can directly or indirectly damage the kidneys by 

affecting other organs such as the heart and skeletal muscle 

[19]. 

 

4.2.2 Endothelial damage 

 

Endothelial cells are a class of organs with paracrine, 

endocrine and autocrine functions, which play a key role in 

regulating vascular contraction and homeostasis [20].ACE2 is 

widely distributed on vascular endothelial cells in several 

tissues, so neocoronaviruses are able to invade into blood 

vessels through ACE2, causing damage to the endothelium of 

the blood vessels, which induces thrombosis and local 

inflammation generation [21]. Endothelial damage and 

inflammation caused by viral infection are present in several 

organs of patients with neocoronavirus pneumonia, leading to 

excessive thrombin production, inhibition of fibrinolysis, and 

activation of the complement pathway, which causes a 

thrombotic-inflammatory response, and ultimately leads to 

microthrombus deposition and microvascular dysfunction 

[22]. Hypercoagulability caused by endothelial cell injury and 

other factors will cause acute tubular necrosis and further 

progress to cortical necrosis, finally causing irreversible renal 

failure [23]. 

 

4.2.3 Immune system dysregulation 

 

In addition to producing direct damage to host cells through, 

COVID-19 can also affect innate immunity, thus producing 

indirect cytotoxic effects on the kidney [24]. 

 

Innate immunity: Toll-like receptors (TLRs) detect molecules 

released from damaged tissues and activate transcription 

factors that regulate the expression of pro-inflammatory 

cytokines/chemokines involved in the innate immune 

response [25].TLRs receptors play an important role in the 

pathogenesis of renal diseases, and their over-activation by 

coronaviruses can lead to a number of renal disorders such as 

ischemic kidney injury, AKI, end-stage renal failure, acute 

tubulointerstitial nephritis, and acute kidney transplant 

rejection. 

 

Acquired immunity: In the early stage of SARS-CoV-2 

infection, the body produces an acquired immune response, 

and an appropriate immune response is favorable for viral 

clearance. SARS-CoV-2 often triggers an uncontrollable 

inflammatory response and causes CRS, which ultimately 

leads to T-cell apoptosis. One study showed that lymphocytes 

were significantly lower in COVID-19 patients compared to 
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non-COVID-19 patients [26]. In turn, dysregulation of the 

acquired immune response can lead to abnormal activation of 

macrophages, neutrophils, etc., which in turn hinders viral 

clearance. In addition, after SARS-CoV-2 infection, due to 

the dysfunction of the complement system, C5b-9 will 

accumulate in the lumen of renal tubules, which will cause 

corresponding renal injury [24]. 

 

4.2.4 Others 

 

ACE2 is highly expressed in the small intestine, especially in 

proximal and distal intestinal epithelial cells. Interaction 

between SARS-CoV-2 and ACE2 may disrupt ACE2 function 

and lead to diarrhea, severe diarrhea leading to dehydration 

that may affect renal function [9]. In addition, patients rarely 

undergo fluid resuscitation prior to admission, which is highly 

likely to result in hypovolemic shock, which causes ischemic 

and hypoxic changes in the kidneys; infectious shock 

similarly causes renal ischemia and hypoxia, leading to 

prerenal kidney injury [24]. RhabdomyolysisDirect damage to 

skeletal muscle cell membranes by SARS-CoV-2 and the 

cytokine storm caused by the infection result in overactivation 

of the immune system, potentially leading to rhabdomyolysis, 

Rhabdomyolysis is a potential pathogenetic mechanism 

causing AKI [27]. Renal histopathologic studies have found 

that in patients with neococcal pneumonia, those containing 

the high risk allele for ApoL1 have a relatively increased risk 

of collapsing glomerulopathy [28]. In addition to this, there is 

organ crosstalk between the lungs, heart and kidneys, which 

also plays a role in the progression of the lesion [10]. 

Complement activation, sepsis and the use of nephrotoxic 

drugs can also lead to kidney injury [24]. 

 

Acknowledgements 
 

Shaanxi Provincial Administration of Traditional Chinese 

Medicine Scientific Research Project on Prevention and 

Treatment of COVID-19 in Chinese Medicine 

(ZYJXG-L23004). 

 

References 
 

[1] GAO Mengyuan, ZHAO Yongbing, LIU Xi, et al. 

Clinical characteristics of liver and kidney injuries and 

correlation with severity and mortality in patients with 

COVID-19[J]. Journal of Third Military Medical 

University, 2021, 43(20): 2241-2249. 

[2] Le Stang M B, Desenclos J, Flamant M, et al. The Good 

Treatment, the Bad Virus, and the Ugly Inflammation: 

Pathophysiology of Kidney Involvement During 

COVID-19[J]. Front Physiol, 2021, 12: 613019. 

[3] MENG Lingdong, LIU Xiaojing, ZHOU Ting. Progress 

of Chinese Medicine Research on Chronic Kidney 

Disease[J]. Shanxi Medical Journal, 2017, 46(06): 

662-664. 

[4] MIN Rui, LIU Jie, DAI Zhe, et al.Advance in clinical 

study on pathogenesis on COVID-19[J]. Chinese 

Journal of Nosocomiology, 2020, 30(08): 1171-1176. 

[5] XU Gang. Kidney damage and treatment of patients with 

COVID-19[J]. Chinese Journal of Nephrology,Dialysis 

& Transplantation, 2020, 29(05): 452-453. 

[6] Qu Zhuan;Wang Huiming. Study on the mechanism of 

kidney damage in the new type of coronavirus 

pneumonia (COVID-19) [J]. Chinese Journal of 

Difficult and Complicated Cases, 2021, 20(05): 

527-531. 

[7] Menon T, Gandhi S, Tariq W, et al. Impact of Chronic 

Kidney Disease on Severity and Mortality in COVID-19 

Patients: A Systematic Review and Meta-analysis[J]. 

Cureus, 2021, 13(4): e14279. 

[8] Juan L, Shuang-Xi L, Li-Fang Z, et al. Management 

recommendations for patients with chronic kidney 

disease during the novel coronavirus disease 2019 

(COVID-19) epidemic[J]. Chronic Diseases and 

Translational Medicine, 2020, 6(2). 

[9] Han X, Ye Q. Kidney involvement in COVID-19 and its 

treatments[J]. J Med Virol, 2021, 93(3): 1387-1395. 

[10] CHEN Qilin; LI Pin,; LANG Yue, LIANG Shaoshan, et 

al. Kidney injury in COVID-19[J]. Chinese Journal of 

Nephrology, Dialysis & Transplantation, 2020, 29(05): 

458-463. 

[11] ZHANG Lianfeng, ZHANG Jinsong. Investigation on 

the UV dose required for inactivation of 2019-nCoV[J]. 

Water & Wastewater Engineering, 2021, 57(S2): 11-17. 

[12] Walls A C, Park Y J, Tortorici M A, et al. Structure, 

Function, and Antigenicity of the SARS-CoV-2 Spike 

Glycoprotein[J]. Cell, 2020, 181(2): 281-292. 

[13] YU Che, ZHAO Xue, WANG Rong. New insights based 

on the role of ACE2 in neococcal pneumonia and its role 

in the pathogenesis of kidney disease[J]. Clinical Focus, 

2020, 35(11): 1053-1056. 

[14] Benedetti C, Waldman M, Zaza G, et al. COVID-19 and 

the Kidneys: An Update. [J]. Frontiers in medicine, 2020, 

7. 

[15] Bestle D, Heindl M R, Limburg H, et al. TMPRSS2 and 

furin are both essential for proteolytic activation of 

SARS-CoV-2 in human airway cells[J]. Life Sci 

Alliance, 2020, 3(9). 

[16] LIU Qi, XIAO Wei, ZHANG Xu, et al. Research 

progress of ACE2 in SARS-CoV-2 infection and 

pathogenesis[J]. Immunological Journal, 2022, 38(05): 

451-455. 

[17] Coca A, Burballa C, Centellas P F J, et al. Outcomes of 

COVID-19 Among Hospitalized Patients With 

Non-dialysis CKD[J]. Frontiers in Medicine, 2020, 7. 

[18] WANG Jin-hong, MA Bin, LI Yan-yan. Research on 

Medication Rules of Prevention and Treatment of 

COVID-19 with TCM Based on Correlation Coefficient 

and Association Rule Analysis[J]. Chinese Journal of 

Library and Information Science for Traditional Chinese 

Medicine, 2022, 46(01): 1-5. 

[19] ZHANG Meng-meng, WU Qi, ZHANG Xin-xue, et al. 

Syndrome Differentiation-based Treatment of 

COVID-19 Based on Theory of Wenyilun [J]. Chinese 

Journal of Experimental Traditional Medical Formulae, 

2020, 26(13): 25-31. 

[20] Bikdeli B, Madhavan M V, Gupta A, et al. 

Pharmacological Agents Targeting 

Thromboinflammation in COVID-19: Review and 

Implications for Future Research[J]. Thromb Haemost, 

2020, 120(7): 1004-1024. 

[21] LIU Yuxiang, LI Yanju,; XU Mujuan,, et al. Summary of 

the Experience of Shenzhen Traditional Chinese 

Medicine Team Supporting Hubei inT reating 

COVID-19 in Leishenshan Hospital[J]. Journal of 

135



 

Journal of Contemporary Medical Practice (JCMP)                    ISSN: 2006-2745Journal of Contemporary Medical Practice (JCMP)                     ISSN: 2006-2745

http://www.bryanhousepub.orgwww.bryanhousepub.com

  
  
   

 

                                                                        Volume 6 Issue 7 2024Volume 6 Issue 8 2024    

    
 

               

                  
                 
                

       

  

 
 

  
 

 

Practical Traditional Chinese Internal Medicine, 2021, 

35(01): 83-85. 

[22] XU Xu, ZHANG Yin, LI Xin, et al. Analysis of 

Traditional Chinese Medicine (TCM) Programs for 

Prevention of Novel Coronavirus Pneumonia 

(COVID-19) in Various Regions[J]. Chinese Traditional 

and Herbal Drugs, 2020, 51(04): 866-872. 

[23] NIE Wei, ZHENG Caixia, LI Yongsheng, et al. Clinical 

experience of treating COVID-19 based on syndrome 

differentiation of three factors[J]. Clinical Journal Of 

Chinese Medicine, 2021, 13(36): 38-40. 

[24] Wei Kai-yue, Mi Yan, Wang Cai-li. Recent advances in 

the pathogenesis of acute kidney injury caused by 

COVID-19 [J]. Journal Of Clinical Nephrology, 2022, 

22(10): 866-869. 

[25] Askari H, Sanadgol N, Azarnezhad A, et al. Kidney 

diseases and COVID-19 infection: causes and effect, 

supportive therapeutics and nutritional perspectives[J]. 

Heliyon, 2021, 7(1): e6008. 

[26] YANG Li, ZHAO Zhigang. Changes and Treatments of 

Leukocytes in Coronavirus Disease 2019(COVID-19) 

[J]. Herald of Medicine, 2020, 39(05): 615-620. 

[27] Jin M, Tong Q. Rhabdomyolysis as Potential Late 

Complication Associated with COVID-19[J]. Emerg 

Infect Dis, 2020, 26(7): 1618-1620. 

[28] Wu H, Larsen C P, Hernandez-Arroyo C F, et al. AKI 

and Collapsing Glomerulopathy Associated with 

COVID-19 and APOL 1 High-Risk Genotype[J]. J Am 

Soc Nephrol, 2020, 31(8): 1688-1695. 

[29] Cao, Y., Cao, P., Chen, H., Kochendorfer, K. M., Trotter, 

A. B., Galanter, W. L., ... & Iyer, R. K. (2022). 

Predicting ICU admissions for hospitalized COVID-19 

patients with a factor graph-based model. In Multimodal 

AI in healthcare: A paradigm shift in health intelligence 

(pp. 245-256). Cham: Springer International Publishing. 

136


