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Relevance.To date, it has been established that the direct pathological effect of the SARS-CoV-2 

coronavirus on the kidneys occurs through the receptors of the ACE2 organ, an angiotensin converting 

enzyme. Progressive application with the protein component of the receptor leads to the destruction of the 

renal parenchyma.Mediocre pathological effects occur through disorders in the immune system as a result 

of a so-called cytokine storm (1,3,5,7). 

SARS-CoV-2 affects both the innate and acquired immune response of the host. SARS-CoV-2 can 

induce an immune response in two phases: an early specific acquired immune response to eradicate the 

virus and inhibit disease progression, and uncontrolled inflammation as a responsible mechanism for 

ARDS. The virus spreads and affects tissues with ineffective immune responses (2,4,6.22,23). 

Necrosis or apoptosis of T cells promotes the release of a cytokine storm leading to a reduction of 

T cells (C. Huang, et al., 2020), especially in cases with severe disease, lower circulating CD4+ and 

CD8+ T cells and higher, IL-10 and tumor necrosis factors-α (TNFa) (9,11,13,15,24).Consequently, 

systemic inflammation harms viral clearance, contributing to the depletion of T cells (8,10,12,14). 
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ABSTRACT:  

An analysis of the clinical and morphological manifestations of kidney damage in patients who 

underwent SARS-CoV2 showed that the pathological process in the kidneys mainly proceeds according 

to an acute inflammatory type, characterized by the predominance of diffuse endocapillary exudation 

(79.41%), while in patients with long-term consequences of kidney damage after SARS-CoV2, diffuse 

endocapillary proliferation becomes prevalent (92.86%), which, after suffering from coronavirus 

endotheliitis, can inevitably lead to the development of chronic renal failure. 
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Almost all patients with SARS-CoV-2 developed lymphopenia as an important marker of immune 

system disorders (17,19,21). Kidney macrophages play a key role in immune defense, as they are the 

predominant cells interacting with virus targets and can activate phagocyte and chemokine signaling 

(16,18,20,25). In addition, the cytopathic effect of the SARS-CoV-2 virus can directly damage renal 

tubular cells during infection and replication stages, spreading a complex immune response. In addition, 

the chemokine network, activation of complement cascades and coagulation play a potential role in the 

development of PP in patients with SARS-CoV-2 (3,4,7,8,26,27). 

Macrophages, as important innate immune cells, can sense and respond to pathogens and generate 

inflammatory molecules to remove infectious agents and support tissue repair. The virus enters the 

macrophage, and they present the viral antigen to T helper cells-1 (CD4+ and Th1), which release 

interleukin-12 to further launch the Th1 cell. Activated Th1 cells stimulate B cells to produce antigen-

specific antibodies and T killer cells (CD8+ and Tk) to target cells containing viral antigen (5,7,28,29).  

During SARS-CoV-2 infection, a decrease in the number of CD4+ and CD8+ cells and an 

increase in cytokine levels cause inflammation (4,9,11). As for the specific gravity of the SARS-CoV-2 

virus, various subgroups of T cells are activated (8,10). Excessive cytokine production, which leads to 

ARDS, is associated with the outcome and severity of SARS-CoV-2. The increased inflammatory 

response caused by SARS-CoV-2 plays a key role in the severity of infection, the development of PP and 

death (14,15,30). 

Cell death and tissue damage can occur due to the presence of high levels of circulating 

cytokines. In addition, erythrocyte hemolysis and anemia are observed, since cytokines can activate 

macrophages; together (vascular hemostasis disorders, anemia and injuries caused by cytokines) lead to 

multiple organ failure, including the kidneys. It is the hemolysis of erythrocytes, which develops as a 

result of a cytokine storm and causes disorders in the kidneys (2,7,18).  

Such a high frequency of PP interest in patients with SARS-CoV-2 indicates the relevance of this 

problem. 

At the same time, such aspects as the peculiarities of the clinical manifestations of PP in patients 

who have undergone SARS-CoV2 remain far from being determined. Information on changes in the 

dynamics of cellular and humoral immunity in PP in patients who have undergone SARS-CoV2 remains 

far from being studied. Solving these aspects of this urgent problem would make it possible to 

substantiate the importance of immunological changes in the pathogenesis of PP development, as well as 

to identify their clinical significance in the diagnosis and prognosis of the outcome of PP in patients who 

have undergone SARS-CoV2. 

The purpose of the study:to study the nature and analysis of clinical and morphological manifestations 

of kidney damage in patients who have undergone SARS-CoV 2 

Research materials and methods:The paper presents information on the comprehensive examination 

and treatment of 62 patients with kidney damage who underwent SARS-CoV-2. The distribution of 

patients was carried out on the basis of a promising targeted open randomized trial. 

The period of research and collection of clinical material began in the second quarter of 2020 and 

ended in December 2023. At the same time, during the period from April to August 2020, the clinic also 

functioned as a specialized covid center, with the involvement of specialists from all directions in 

accordance with quarantine requirements. All patients were grouped into one main group.  

The criteria for inclusion of patients in the main group were: the age of patients not younger than 

20 and not older than 75 years; the presence of a history of coronavirus infection, with severe course, with 

signs of kidney damage during treatment; preservation of signs of kidney disease (proteinuria, 

albuminuria, micro- or macrohematuria, decreased glomerular filtration rate, high creatinine values and 

urea in the blood, etc.); the presence of a negative result of a PCR test for SARS-CoV-2 during 

hospitalization in our clinic; availability of the patient's voluntary informed consent to participate in a 

clinical trial. 

Due to the fact that patients of the main group were admitted to the clinic with a different 

duration of the anamnestic period of the disease and the timing of SARS-CoV-2 before us, it became 

necessary to randomize the main group itself. Based on the principles of evidence-based medicine, we 

divided the main group of patients into two subgroups: 
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The first subgroup consisted of 34 (54.8%) patients who were transferred from a specialized 

covid infection clinic after achieving a negative result of a PCR test for SARS-CoV-2 with signs of 

kidney damage and the need for renal replacement therapy.  

The second subgroup consisted of 28 (45.2%) patients who were transferred from other 

therapeutic clinics or hospitalized as in the initial treatment for the underlying disease. All of them had a 

history of SARS-CoV-2 and were treated in an inpatient setting at a specialized covid infection clinic. 

During the treatment, they were diagnosed with acute kidney damage, but by the time they were 

discharged from the hospital, remissions of complications had been achieved. However, subsequently, 

after 1 to 3 months, patientscametoourclinicwiththeneedforrenalreplacementtherapy. 

The chronology of hospitalization of patients with kidney damage after suffering SARS-CoV-2 

showed that patients of the first subgroup were hospitalized in our clinic mainly (70.6%) during the peak 

of the first and second waves of the COVID-19 pandemic, whereas patients of the second subgroup 

turned to us for specialized help mainly after passing the waves of the COVID-19 pandemic for the period 

2021-2023 (92.9%). 

The diagnosis of kidney damage was established according to the recommendations of the global 

Fund for the Improvement of Kidney Diseases (KDIGO) in the presence of one of their three signs of 

manifestation of the pathological process in the form of: an increase in serum creatinine at 26.5 mmol/l 

and above for 48 hours; an increase in serum creatinine above 1.5 times compared with the baseline level 

during the previous 7 days; a decrease in the volume of urine formation of less than 0.5 ml / kg / hour for 

6 hours.  

All patients in the main group were divided by stages of kidney damage after suffering SARS-

CoV-2, which were also recommended by KDIGO. 

As our data showed, the third stage of kidney damage prevailed among the patients of the main 

group (62.9%), in which the creatinine level in the blood of patients increased 3 times from the initial 

level or the beginning of renal replacement therapy. In the remaining 37.1% of cases, patients had the first 

and second stages of kidney damage after undergoing SARS-CoV-2. In 17.7% of cases, the first stage of 

kidney damage was diagnosed, when the level of creatinine in the blood increased 1.5-1.9 times from the 

initial level, and in 19.4% of cases – 2 – 2.9 times under the same conditions.  

The distribution of patients by age showed a predominance of patients in the age group of 51 and 

older (67.8%). At the same time, the distribution of the number of patients in the age group from 51 to 60 

years and from 61 to 75 years turned out to be the same (for 21 patients or 33.9%). In second place were 

patients aged 41-50 years (24.2%). There were patients at a young age in only 8.1% of cases. It should be 

noted that among the patients of the first subgroup, the age group from 51 to 60 years prevailed, and in 

the second subgroup – from 61-75 years.  

Glomerular filtration rate (ml/hour/kg) = [Urine volume (ml) x urine creatinine (mg/ml)] / [time 

(hour) x serum creatinine (mg/ml) x patient weight (kg)]. 

All patients underwent ultrasound examination of the kidneys in the conditions of the functional 

diagnostics room. To determine morphostructural changes in the kidneys, all patients of the main group 

underwent percutaneous puncture biopsy of the kidneys in the surgical department under aseptic 

conditions. The biopsy material was examined using a standardized histological technique with staining 

by examination under light in the conditions of the central research laboratory. 

Factor analysis was used to study the mutual relationship of various studied features, which 

determined the dispersion of specific factors in the form of a dispersion cloud. Statistically significant 

linear combinations of a number of factors made it possible to reduce the dimension of the feature graphic 

cloud, which can be analyzed.  

The linear construction of the data allowed us to compare specific factors with each other. This, in 

turn, was the key to studying the effects on the final result of the analyzed factors in each dispersion data 

cloud. The use of this method of statistical analysis made it possible to quantify the observed signs of 

changes. 

The studied factors and their constituent immunological data were presented in quantitative form; the 

observed signs influenced by the studied factors were effective. 

The results and their discussion.Before proceeding to the analysis of clinical and laboratory 

manifestations of kidney damage in patients who have undergone SARS-CoV2, we considered it fair to 
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present the background status of patients, that is, the presence of concomitant diseases. In total, 232 

names of concomitant diseases were diagnosed among the patients of the main group. At the same time, 

for each patient, on average, there were 3.7 nosological forms of the disease concomitant with kidney 

damage. To a greater extent, the correlation was expressed among patients of the second subgroup – 4.3 

pathologies, rather than among patients of the first subgroup – 3.3 nosological diseases. Among the 

patients of the first subgroup, an even half of the concomitant diseases (50%) were pathologies from the 

cardiovascular system. At the same time, among the patients of the second subgroup, the proportion of 

pathologies from the cardiovascular system was also the largest, but only 34.2% within the subgroup was 

equated. Concomitant diseases of the cardiovascular system were represented by coronary heart disease 

(29.9%), hypertension (44.3%), varicose veins of the lower extremities (11.3%) and atherosclerotic 

vascular lesion (14.4%). 

Concomitant diseases from the respiratory system (25.4%) and digestive organs (19.8%) were 

noted in the second and third places in terms of frequency. At the same time, among the patients of the 

first subgroup, they were in the same proportion (18.8% each), whereas among the patients of the main 

group, patients with concomitant respiratory diseases prevailed (31.7%). 

Concomitant diseases of the gastrointestinal tract among patients of the second subgroup 

amounted to 20.8%. Concomitant diseases of the respiratory system were represented by the presence of 

exudative pleurisy (50.8%), which were noted to a greater extent among patients of the second subgroup 

(55.3%), chronic obstructive pulmonary diseases (28.8%), which were noted mainly among patients of 

the first subgroup, and chronic nonspecific lung diseases (20.3%). Concomitant diseases from the 

gastrointestinal tract were represented by the presence of chronic colitis (43.5%), pathologies from the 

pancreato-hepatobiliary system (chronic hepatitis and chronic calculous cholecystitis – 19.6% each), 

peptic ulcer of the stomach and duodenum (6.5%) and chronic gastritis (10.9%). 

Concomitant diseases of the musculoskeletal system were diagnosed in 8 (3.4%) patients, with 

their prevalence among patients of the second subgroup (4.2%) over the number of patients of the first 

subgroup (2.7%). In 62.5% of cases, they were represented by gout.  

Diseases from the nervous system were noted in 2.2% of cases (1.8% in the first subgroup of 

patients and 2.5% in the second subgroup of patients). Another 17 (7.3%) patients had concomitant 

pathologies of diabetes mellitus (8.0% among patients of the first subgroup and 6.7% among patients of 

the second subgroup). 

In a clinical examination of patients with kidney damage, 241 complaints were identified after 

undergoing SARS-CoV2. Although they were predominantly (55.2%) noted among patients of the first 

subgroup, nevertheless, for each patient of both subgroups, they accounted for the same proportion of 3.9 

complaints per 1 patient.  The main complaints of patients were general weakness (96.8%). At the same 

time, among patients of the first subgroup, it was noted in 94.1% of patients, and among patients of the 

second subgroup – in all cases. 

Arterial hypertension was in second place in frequency (69.4%) of patients, which prevailed 

among patients of the second subgroup (75%) over the number of patients of the first subgroup (64.7%). 

Local swelling and puffiness of the face bothered 22 (64.7%) patients of the first subgroup and 16 

(57.1%) patients of the second subgroup. A total of 38 (61.3%) patients had such complaints. 

The next most frequent registration was complaints of urine discoloration (50%), which was 

noted in 38.2% of cases among patients of the first subgroup and in 64.3% of cases among patients of the 

second subgroup. Massive edema was noted in 23 (37.1%) patients, which prevailed among patients of 

the second subgroup (39.3%). 

Hyperthermia was noted in 24 (38.7%) patients. At the same time, 19 (30.6%) patients had 

subfebrile hyperthermia, and 5 (8.1%) patients had febrile hyperthermia. This clinical sign of kidney 

damage, after undergoing SARS-CoV 2, was predominantly noted among patients of the first subgroup. 

Dysuric phenomena were observed in 13 (21%) patients, and polyarthralgia – in 9 (14.5%) 

patients. At the same time, dysuric phenomena prevailed among patients of the first subgroup (26.5%), 

and polyarthralgia – among patients of the second subgroup (17.9%).  

Kidney biopsy material was obtained in all patients of the main group in order to identify the 

features of morphological changes at the stage of development of the pathological process. In 46.77% of 

patients, signs of diffuse endocapillary exudation were detected, whereas in the remaining 53.23% of 
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cases, data were obtained indicating the presence of kidney damage by the type of diffuse endocapillary 

proliferation.  

The puncture biopsy material showed an increase in the cellularity of neutrophils. Increased 

exudation of capillary endothelial cells was detected, and in some cases it was with signs of transition to 

proliferation. Infiltration of kidney tissue by neutrophils and monocytes was noted. There were biopsies 

with hemorrhagic character of the lesion. This type of changes in the kidneys correlated with exudative 

proliferation of endocapillaries. 

In other cases, the lumen of the capillaries was narrowed with predominantly proliferative 

changes in the capillaries. The narrowing of the lumen occurred both due to increased proliferation and 

due to the deposition of immune complexes, mainly on the epithelial side of the basement membrane of 

the glomerular capillaries. 

The variance of the distribution of these leading morphological values among patients of different 

subgroups was not unambiguous. Thus, among the patients of the first subgroup, diffuse endocapillary 

proliferation was noted only in 7 (20.59%) patients, whereas diffuse endocapillary exudation was a 

predominant kidney lesion and characteristic of 27 (79.41% of patients. In patients of the second 

subgroup, changes in the renal tissue were more prone to proliferative processes. The predominant type of 

lesion (26 patients, 92.86%) was diffuse endocapillary proliferation of renal vessels. We revealed the 

presence of diffuse endocapillary exudation in only 2 (7.14%) patients.  

Thus, the nature and analysis of the clinical and morphological manifestations of kidney damage 

in patients who underwent SARS-CoV2 showed that the pathological process in the kidneys mainly 

proceeds according to an acute inflammatory type, characterized by the predominance of diffuse 

endocapillary exudation (79.41%). In patients with long-term consequences of kidney damage after 

suffering SARS-CoV2, diffuse endocapillary proliferation (92.86%) becomes prevalent, which after 

suffering coronavirus endotheliitis can inevitably lead to the development of chronic renal failure. 

 

Conclusions: 

1. Анализ результатов больных перенесших SARS-CoV2, показал, что патологический процесс 

в почках преимущественно протекают по острому воспалительному типу, 

характеризующийся преобладанием диффузной эндокапиллярной экссудации (79,41%). 

2. У больных с отдаленными последствиями поражения почек после перенесенного SARS-

CoV2, превалирующим становится диффузная эндокапиллярная пролиферация (92,86%), 

которая после перенесенного коронавирусного эндотелиита неминуемо может привести к 

развитию хронической почечной недостаточности.  
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