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Resume. With kidney damage after SARS-CoV 2, there is an increase in all the 

studied indicators of humoral immunity, with the exception of IgM and IgG, the 

decrease of which was more pronounced in patients with a chronic course of the 

pathological process. At the same time, substitution therapy affects the structure of 

these transformations in the form of a decrease in the concentration of all studied 

cytokines in the blood against the background of an increase in SHPA and IgG 

immunoglobulins. The continued growth of IdM, cytokines IL-1β and IFN-γ in 

patients with a chronic course of the pathological process is manifested even after 

therapy. 
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Relevance. The first statistical data on the frequency of PP in patients who have 

undergone SARS-CoV-2 were presented by scientists from the Yale University School 

of Medicine based on a study of 1.6 clinical cases. According to their data, 24-57% 

of hospitalized patients have kidney complications after coronavirus and during the 

course of the disease. Further studies showed that even 3 weeks after achieving 

negative results for SARS-CoV-2, kidney function still did not recover and 

rehabilitation measures were required, and sometimes even hemodialysis (1,3,5,7,9).  

The structure of the list of PP in patients who have undergone SARS-CoV-2 is diverse 

and to this day there is no consensus on the specificity of the lesion. In the 

pathogenesis of PP in patients who have undergone SARS-CoV-2, the leading role is 

assigned to damage to the renal tubules and the capillary system of the organ (2,4,6,8).  

The causes of such changes can be both direct damage to the anatomical structures of 

the kidneys, and the consequences of systemic disorders. Among patients with SARS-

CoV-2, 27% and 34% of patients who died from SARS-CoV-2 had high blood urea 

levels during treatment. The autopsy of deceased patients revealed inflammatory 

changes in the kidneys, a decrease in the density of the organ parenchyma and the 

presence of massive tissue edema (11,13,15,17,30,31,32,33.34).  
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In a recent study conducted by Y. Cheng, et al. (2020), 44% of 710 hospitalized 

patients with SARS-CoV-2 had clinical manifestations of the disease expressed by the 

presence of hematuria and proteinuria, while 27% of them had hematuria already 

upon admission.  This, in turn, may indicate that PP appears to be a common disease 

in SARS-CoV-2 infection, and PP is an independent prognostic factor 

(10,12,14,16,18,35,36,37,38,39,40,41,42,43).  

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 (19,21,23,25,27,29).  

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 (20,22,24,26,28,30) remain far from 

certain to date. Information on changes in the dynamics of 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 changes in the 

dynamics of humoral immunity indicators in kidney damage in patients who have 

undergone SARS-COV2. 

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 prospective 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 
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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.    

In a comparative assessment of clinical and immunological changes, data from 20 

healthy individuals recognized by the medical commission as absolutely healthy were 

used. All of them were combined into a control (reference) group. 

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

SARS-CoV-2, which were also recommended by KDIGO.   

Kidney damage was typical mainly for mature and elderly patients, while acute 

kidney damage after SARS-CoV-2 was typical for younger age.   

Male patients prevailed (67.7%), and among both patients of the first and second 

subgroups. 

Immunological studies were performed at the Bukhara branch of the Institute of 

Human Immunology and Genomics 

Results and their discussion. The IgG reference value was distinguished by the 

widest range of the confidence interval [CI: 7.06; 15.92]. In this regard, it seems that 

the average IgG value in patients with kidney damage after SARS-CoV 2 showed 

relatively high values of the content of this immunoglobulin (12.84±3.22 g/l).  

At the same time, the minimum value of IgG in peripheral blood was noted by us in 

patients with kidney damage after undergoing SARS-CoV2 before treatment 

(12.48±3.19 g/l), and the maximum after replacement therapy (13.2±3.24 g/l).  

The average IgG value in patients of the first subgroup was 13.27±3.43 g/l [CI: 9.84; 

16.69], whereas in patients of the second subgroup it was lower and amounted to 

12.41±3.01 g/l [CI: 9.41; 15.42]. In patients of the first subgroup, relative low IgG 

values when patients came to our clinic [CI: 7.67; 13.03], after treatment significantly 

increased [CI: 12.01; 20.35] - p<0.05, whereas in patients of the second subgroup 

there was an inverse pattern of changes – a decrease in initially high IgG values [CI: 

10.91; 18.31] to the minimum level [CI: 7.9; 12.52] - p<0.05.  

Kidney damage after SARS-CoV2 was accompanied by an increase in the 

concentration of IdA by more than 2 times (from 1.02±0.15 g/l to 2.09±0.23 g/l) in 

patients already upon admission to the clinic (p<0.05). The minimum value of the 

confidence interval could be noted in the control group - [CI: 0.87; 1.17], while in 

patients of the main group before the start of treatment, it was higher - [CI: 1.86; 
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2.32]. At the same time, we noted higher ID values in patients of the main group after 

replacement therapy of kidney damage (2.23±0.49 g/l; [CI: 1.74; 2.72]. The level of 

IdA concentration in peripheral blood at this stage of the study in patients of the main 

group exceeded the reference value by 2.2 times (p<0.05), and the values before the 

start of treatment by 1.1 times. In other words, changes in the concentration of IdA in 

the blood are more related to the pathological process than to the therapeutic measures 

carried out. This can be confirmed by the average values of IdA in patients of the main 

group (2.16±0.36 g/l; [CI: 1.8; 2.52]), regardless of the stage of the study (before and 

after substitution therapy). It can also be noted that not only the presence of kidney 

damage after suffering SARS-CoV2 affects the level of IdA formation, but also the 

intensity of its manifestation (acute or chronic process).  

The average level of IdA in patients of the first subgroup was equal to 1.72±0.23 g/l 

[CI: 1.49; 1.95], which was 1.7 times higher than the reference values (p<0.05), that 

is, there is an influence of the pathological process on IdA production. In comparison 

with the average value of the concentration of IdA in peripheral blood in patients of 

the second subgroup, one can once again verify the significance of the intensity of the 

course of the pathological process associated with kidney damage after suffering 

SARS-CoV2. This indicator was higher (2.6±0.49 g/l) than in patients of the first 

subgroup (1.72±0.23 g/l) by 1.5 times with a more significant confidence interval [CI: 

2.11; 3.09]. 

The following analysis of changes in the concentration of IdA in peripheral blood was 

based on an assessment of the dynamics after the therapy. Relatively high 

concentrations of IdA in the blood were in patients of the first subgroup, noted before 

the therapy [CI: 1.7; 1.98], which exceeded the reference value by 1.8 times (p<0.05). 

At the same time, this indicator was 1.3 times lower than in patients of the second 

subgroup at this time of the study.  

After the treatment, the concentration of IdA in patients of the first subgroup 

decreased by only 1.2 times compared to the previous study period [CI: 1.27; 1.91], 

although it was 1.6 times higher than the reference values (p<0.05). When compared 

with patients of the second subgroup, the IdA level after treatment was 1.8 times lower 

(p<0.05).  

In patients of the second subgroup, the concentration of IdA in peripheral blood during 

the initial study was 2.3 times higher than the reference values (p<0.05) [CI: 2.01; 

2.65], and after replacement therapy continued to grow, reaching its maximum peak 

by the end of our study [CI: 2.21; 3.53]. The excess of the reference values was 2.8 

times (p<0.05). 
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Thus, the study of the dynamics of changes in the concentration of IdA in peripheral 

blood in patients with kidney damage after undergoing SARS-CoV2 can indicate the 

dependence of the formation of this immunoglobulin not only with the phase of the 

pathological process, but also with the treatment method used.  

The concentration of IdM in peripheral blood in the control group averaged 5.76±1.2 

g/l [CI: 4.56; 6.96].  

At the same time, the average value of the IdM content in patients of the main group 

was 1.87±0.39 g/l [CI: 1.48; 2.26], which was 3.1 times less than the reference values 

(p<0.05). Relatively minimal values of IdM in peripheral blood were noted in patients 

of the island group before the treatment of kidney damage, after undergoing SARS-

CoV2 - 1.81±0.49 g/l [CI: 1.33; 2.3], which was 3.2 times less than the reference 

values (p<0.05). Completion of replacement therapy for kidney damage after SARS-

CoV2 led to an increase in the concentration of IdM in the peripheral blood of patients 

in the main group to 1.93±0.29 g/l [CI: 1.93; 2.22], however, it was still 3 times less 

than the reference values (p<0.05).  

The average concentration of IdM in patients of the first subgroup, which was 

1.84±0.35 g/l [CI: 1.49; 2.19], was 3.13 times lower than the reference values 

(p<0.05). The average level of IdM concentration in patients of the second subgroup 

was unreliably higher - 1.9±0.43 g/l [CI: 1.47; 2.32], which was 3 times less than the 

reference values (p<0.05). Thus, taking into account the comparative analysis of 

changes in the production of IdM, it can be noted that it is not associated with the 

phase of kidney damage after undergoing SARS-CoV2. 

After the therapy, in patients of the first subgroup, the concentration of IdM decreased 

[CI: 1.14; 1.44] by 1.85 times (p<0.05) compared to the previous study period, and 

by 4.47 times (p<0.05) in relation to the reference values. At the same time, the 

reverse dynamics occurs in patients of the second subgroup, characterized by an 

increase in the concentration of IdM in the peripheral blood of patients after 

replacement therapy. The level of increase was 2.1 times (p<0.05) compared to the 

previous period of the study within the subgroup. Nevertheless, this indicator was 

2.25 times lower than the reference values (p<0.05) and was 1.98 times higher than 

in patients of the first subgroup (p<0.05).  

 Thus, a comparative analysis of the dynamics of changes in the concentration of IdM 

showed a significant decrease in this immunoglobulin in the blood of patients with 

kidney damage after undergoing SARS-CoV2. At the same time, the therapeutic 

measures carried out increase the production of IdM, but these changes are not 
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reliable. In this regard, it is important to consider this issue in patients depending on 

the phase of kidney damage after undergoing SARS-CoV2.  

When studying the concentration of cytokines in the blood of patients with kidney 

damage after undergoing SARS-CoV2, it was revealed that all manifest themselves 

with a certain pattern in the correlation of the dynamics of the course of the 

pathological process.  

The proinflammatory cytokine IL-1β in patients of the main group exceeded the 

reference value by an average of 52.87 times (p<0.001). This gap is due to the fact 

that the average value of IL-1β in the control group in healthy people averaged 

0.42±0.09 pg/ml [CI: 0.33; 0.51], in patients with kidney damage after SARS-CoV2, 

the average level of IL-1β increased to 22.21±3.23 pg/ml [CI: 18.98; 25.44] (p<0.05).  

In the main group of patients, high average values of the proinflammatory cytokine 

IL-1β were noted during the period of treatment of patients in our clinic and amounted 

to 29.53±4.44 pg/ml [CI: 25.09; 33.96]. High values of IL-1β in patients with kidney 

damage after SARS-CoV2 at this time were 70.3 times higher (p<0.001) than in 

healthy individuals. After the treatment, the average concentration of the 

proinflammatory cytokine IL-1β in the blood decreased to 14.89±2.03 pg/ml [CI: 

12.86; 16.91], which was 35.44 times higher than the reference values (p<0.001), but 

1.98 times less than in patients in previous study periods (p<0.05). 

Thus, a general comparative assessment of the dynamics of changes in the 

concentration of proinflammatory cytokine IL-1β showed a significant increase in the 

indicator in patients with kidney damage after SARS-CoV2 and their reduction as a 

result of substitution therapy.  

In patients of the first group, the average concentration of the proinflammatory 

cytokine IL-1β in the blood was higher (23.46±3.61 pg/ml [CI: 19.86; 27.07]) than 

among patients of the second subgroup (20.95±2.86 pg/ml [CI: 18.1; 23.81]).  

Upon admission of patients to the clinic with acute kidney injury after SARS-CoV2, 

the concentration level of the proinflammatory cytokine IL-1β [CI: 37.49; 50.87] was 

105.19 times higher than the reference values (p<0.001), in relation to the average 

value of patients of the first subgroup by 1.88 times (p<0.001) and compared to with 

indicators of the same period, the second subgroup of patients was 2.97 times higher 

(p<0.001). At the same time, after treatment, the concentration of proinflammatory 

cytokine IL-1β in the blood of patients with acute kidney injury after SARS-CoV2 

decreased sharply by 16.12 times (p<0.05) compared with the day of admission of 

patients of the first subgroup to the clinic, by 5.43 times (p<0.05) compared with the 
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day of admission of patients of the second subgroup and 9.86 times (p<0.05) 

compared to patients of the second subgroup after treatment. 

It should be noted that, unlike patients of the first subgroup, patients of the second 

subgroup had an inverse dynamics in the form of an increase in the concentration of 

the proinflammatory cytokine IL-1β in blood samples after treatment [CI: 23.5; 

30.56]. Its concentration exceeded the reference value by 64.36 times (p<0.05) and 

the previous study period by 1.82 times (p<0.05).  

The concentration of TNF-α in the blood of healthy individuals ranged in the 

confidence range from 1.45 pg/ml to 2.01 pg/ml and averaged 1.73±0.28 pg/ml. In 

patients with kidney damage after SARS-CoV2, the concentration of TNF-α cytokine 

increased 13.28 times (p<0.05) and averaged 22.97±3.77 pg/ml [CI: 19.2; 26.74]. At 

the same time, the leading role in increasing the concentration of TNF-α in patients 

of the main group was assigned to the first phase of research, that is, when patients 

were admitted to the clinic. The average concentration of TNF-α in peripheral blood 

was 27.06±4.42 pg/ml [CI: 22.64; 31.48], which was 15.64 times higher (p<0.05) than 

the reference value. Subsequently, after replacement therapy, the concentration of 

TNF-α in the blood of patients in the main group relatively decreased to 18.89±3.12 

pg/ml [CI: 15.77; 22.01], it was 10.92 times higher (p<0.05) than the reference value 

and less than 1.43 times less (p<0.05) the previous period of the study, that is, before 

the treatment.  

A separate analysis, depending on the timing of the course of kidney damage, revealed 

a predominance of TNF-α concentration among patients with acute kidney injury after 

SARS-CoV2, which amounted to 25.58±4.64 pg/ml [CI: 20.94; 30.21], which was 

1.26 times higher (p<0.05) than in patients the second subgroup. In patients of the 

second subgroup, the average TNF-α value in the blood was 20.37±2.91 pg/ml [CI: 

17.47; 23.28], which was 11.77 times higher than the reference values (p<0.05).  

Upon admission to the clinic, that is, before the start of substitution therapy, higher 

concentrations of TNF-α were noted among patients of the first subgroup [CI: 27.32; 

37.94]. They exceeded the reference value [CI: 1.45; 2.01] by 18.86 times (p<0.05) 

and the cross-indicators among patients of the second subgroup [CI: 17.96; 25.02] by 

1.52 times (p<0.05).  

After completion of the replacement therapy session, the concentration of TNF-α in 

the blood of patients of the first subgroup decreased by 1.76 times (p<0.05) [CI: 

14.56; 22.48] compared with the previous study period, but remained high relative to 

the reference value by 1.76 times (p<0.05). 
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Unlike the dynamics of patients of the first subgroup, in patients of the second 

subgroup, there was also a marked tendency to decrease the concentration of TNF-α 

in the blood after replacement therapy [CI: 16.97; 21.53], was not significant.  

The concentration of another proinflammatory cytokine IL-8 in healthy individuals 

was 23.38±3.01 pg/ml [CI: 20.37; 26.39], however, in patients of the main group, the 

level of this indicator increased, reaching 166.07±21.33 pg/ml [CI: 144.74; 187.4], 

which was 7.1 times higher than the reference values (p<0.05).  

The maximum value of IL-8 was noted by us among patients before replacement 

therapy (196.84±23.44 pg/ml [CI: 173.4; 220.27]), which exceeded the reference 

value by 8.42 times (p<0.05). In patients with kidney damage after SARS-CoV2, 

substitution therapy led to a decrease in IL-8 concentration to (135.31±19.23 pg/ml 

[CI: 116.09; 154.54]), which was 1.45 times less than the previous study period 

(p<0.05), but 5.79 times higher than the reference value (p<0.05).  

Higher IL-8 values were found among patients of the second subgroup, where they 

averaged 220.12±23.06 pg/ml [CI: 197.06; 243.17] and exceeded the reference value 

by 9.41 times (p<0.05). In patients of the first subgroup, this indicator was 

112.03±19.61 pg/ml [CI: 92.43; 131.64] and exceeded the reference value by 4.79 

times (p<0.05), then by half than in patients of the second subgroup. 

Within the studied subgroups, when patients were admitted to the clinic, the 

concentration of IL-8 was higher in the second subgroup (1.39 times; p<0.05). At the 

same time, after the treatment, the concentration of IL-8 decreases in both subgroups 

of patients. In patients of the first subgroup, it decreases by 2.78 times (p<0.05), and 

in patients of the second subgroup – by 1.08 times.  

Thus, the change in the concentration of IL-8 in patients with kidney damage after 

SARS-CoV2 is characterized by the presence of high values, which after replacement 

therapy in patients with acute kidney damage significantly decrease, whereas in 

patients with chronic process, we did not find significant differences in the change in 

the concentration of IL–8 in the blood.    

The concentration of IL-10 in healthy individuals ranged in the confidence range from 

3.06 pg/ml to 3.24 pg/ml and averaged 3.15±0.09 pg/ml, In patients of the main group 

this indicator increased by 2.83 times (p<0.05) and reached from 7.35 pg/ml to 10.51 

pg/ml, averaging 8.93±1.58 pg/ml. At the same time, in patients at the initial value, 

this indicator ranged from 9.16 pg/ml to 13.03 pg/ml, averaging 11.1±1.94 pg/ml. 

After replacement therapy, the average concentration of IL-10 decreased to 6.77±1.23 

pg/ml, varying from 5.54 pg/ml to 7.99 pg/ml.  
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We noted higher values of IL-10 among patients of the second subgroup, amounting 

to 10.34±1.56 pg/ml [CI: 8.78; 11.89], whereas in patients of the first subgroup, the 

concentration of IL-10 in the blood ranged from 5.92 pg/ml to 9.13 pg/ml and 

averaged 7.53±1.61 pg/ml (1.37 times less). 

The excess of the reference values of IL-10 concentration in the blood in patients of 

the first subgroup was 2.39 times (p<0.05), and in patients of the second subgroup – 

3.28 times (p<0.05).  

It should be noted that the level of IL-10 in both patients of the first and second 

subgroups after replacement therapy decreased by 1.35 times (p<0.05) and 1.9 times 

(p<0.05), respectively.  

Thus, kidney damage after SARS-CoV2 is characterized by an increase in IL-10 

concentration in the long term of the disease (the second subgroup). As replacement 

therapy was carried out, we noted a decrease in IL-10 in the blood, to a greater extent 

in patients with chronic kidney damage after undergoing SARS-CoV2. 

As for the change in the level of IFN-γ in patients with kidney damage after SARS-

CoV2, a moderate increase in its concentration from 6.23±1.74 pg/ml [CI: 4.49; 7.97] 

to 10.56±1.98 pg/ml [CI: 8.56; 12.54] (1.69 times; p<0.05). 

The maximum peak of the increase was in patients with kidney damage after 

undergoing SARS-CoV2 at hospital admission - 12.67±2.44 pg/ml [CI: 10.24; 15.11]. 

After replacement therapy, there was a decrease to 8.44±1.53 pg/ml [CI: 6.92; 9.97]. 

Higher values of IFN-γ were among patients of the second subgroup, amounting to 

12.95±2.36 pg/ml [CI: 10.6; 15.31], whereas in patients of the first subgroup they 

equated to 8.16±1.61 pg/ml [CI: 6.56; 9.77].  

After substitution therapy, there was a decrease in the concentration of IFN-γ by 4.73 

times (p<0.05), whereas in patients of the second subgroup, we noted an increase in 

the concentration of IFN-γ by 1.18 times (p<0.05).  

Conclusion. 

1. In patients with kidney damage after SARS-CoV2, there is an increase in IFN-

γ, which decreases in the acute process, whereas in the chronic process it increases. 

Such an opposite effect of the therapy is explained by the small role of the treatment 

used, rather than the pathological process itself and its severity of manifestation.  

2.  In case of kidney damage after SARS-CoV 2, there is an increase in all the 

studied indicators of humoral immunity, with the exception of IgM and IgG, the 

decrease of which was more pronounced in patients with a chronic course of the 

pathological process. At the same time, substitution therapy affects the structure of 

these transformations in the form of a decrease in the concentration of all studied 
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cytokines in the blood against the background of an increase in SHPA and IgG 

immunoglobulins. The continued growth of IdM, cytokines IL-1β and IFN-γ in 

patients with a chronic course of the pathological process is manifested even after 

therapy. 
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