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Abstract  The outcomes of antioxidant therapy and dynamic observation in individuals with COVID-19 who did not have 

any comorbid conditions are presented in the article. Interleukin-6, collagen type IV, and nephrinuria levels in the urine 

significantly decreased in individuals with mild, moderate, and severe forms of COVID-19 and compromised renal function 

following six months of monitoring and antioxidant therapy.  
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1. Introduction 

The COVID-19 infection that shook the world in 2019 

poses a great threat to humanity. According to the latest 

official data, as of November 2022, 244,510 people have 

been infected in Uzbekistan, of whom 1,637 have died. 

According to Johns Hopkins University in America, these 

figures are 630,920,425 and 6,539,051 people worldwide, 

respectively. The World Health Organization reported that as 

of March 3, 2023, there were 758 million confirmed cases of 

COVID-19 worldwide [20]. Although most patients recover 

and return to their original condition, some have ongoing 

health problems, a process called post-acute COVID or long 

COVID. The World Health Organization defines long-term 

COVID as the persistence of symptoms for three months or 

more after the initial infection, as well as the appearance of 

new symptoms in the absence of other causes. The opinion of 

experts of the said authoritative organization is supported by 

a number of other observations [19,6]. 

Sometimes, even after a mild infection, persistent symptoms 

can be observed [2]. Such symptoms include fatigue, shortness 

of breath, chest tightness, cough, arthralgia, headache, and 

cognitive dysfunction. According to observers, a protracted 

course of COVID-19 is observed in 10-30% of patients   

and lasts more than a year [16,3] However, to date, no studies 

have been conducted to predict the mechanisms of the 

development of a long-term course of COVID. 

Although the main target of the coronavirus is the respiratory 

system, as the virus spreads through the bloodstream, other 

organs can also be affected. Because it contains several  
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transmembrane glycoproteins that create conditions for 

interaction with the cells of the human body. Thus, to date, 

numerous observations have proven that COVID-19 is a 

systemic disease that affects not only the respiratory system, 

but also other systems and causes severe complications 

[22,21]. 

Its extrapulmonary side effects and complications include 

disseminated thrombosis, myocardial dysfunction, various 

arrhythmias, acute coronary syndrome, acute kidney injury, 

various degrees of gastrointestinal changes, hypoglycemia, 

ketoacidosis, neurotoxic and neurological complications 

including cerebral ischemic changes, as well as various ocular 

and cutaneous reactions. It is known that angiotensin- 

converting enzyme II (ACE II) receptors serve as a gateway 

for the virus to enter cells. Since these receptors are present 

in all organs, the virus can spread through the blood, and its 

toxic effects can damage tissues and various organs. This, in 

turn, indicates that the disease becomes systemic. Of course, 

the direct action of the virus is primarily found in the 

epithelium of the respiratory tract, which is considered     

a target organ, and above all in the lungs, where type I cells 

involved in gas exchange and type II cells producing surfactant 

are located. Although the virus is found in type II cells of the 

lung parenchyma, in most cases it remains asymptomatic for 

2-7 days after entering the body, after which it begins to 

spread rapidly throughout the body. Patients develop severe 

pneumonia and acute respiratory distress syndrome. Then, 

adjacent organs are damaged, in particular the gastrointestinal 

tract, renal tubules and liver capillaries, and a release of 

cytokines is observed. The latent course of the early stages of 

the disease is due to the fact that the virus hides in a number 

of cells in the body, creating reservoirs for latent replication. 

The squamous epithelium of the salivary glands and bronchi 
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is a hidden incubator of viruses. A large number of viruses 

are released from them, which after a certain time cause 

viremia and serious changes in the body. Histopathological 

examination of COVID-19 shows that it has tropism for   

the epithelium of the kidneys, myocardium, trachea and 

gastrointestinal tract [10,5,12]. 

Following infection, a vicious cycle of endotheliitis that 

enhances thrombotic inflammation is maintained by increased 

ACE II levels on the surface of epithelial cells [1]. This is 

believed to signal the restoration of control over the renin- 

angiotensin-aldosterone system (RAAS), thereby triggering 

cardio- and visceroprotective mechanisms [9]. Of course, the 

rate and severity of COVID-19 progression are also partly 

related to the individual condition of each organism and the 

activation of inflammatory and immune-active cytokines,  

in particular interleukin (IL)-1β, IL-2, IL-6, IL-7, IL-8, 

tumor necrosis factor α (TNF-α), and others [4,11]. Patients 

with hyperactivity of cytokine genes have increased cytokine 

production. This cytokine storm leads to self-sustaining 

inflammatory processes, which in turn can lead to widespread 

endovascular thrombosis and, in extreme cases, to multiple 

organ failure [15]. The virus disrupts the regulation of RAAS 

by attaching to ACE II receptors. ACE II receptors are 

known to be present in large quantities in the epithelium of 

the heart and kidneys. COVID-19 negatively affects their 

functioning and leads to significant changes [17]. In addition, 

changes in RAAS under the influence of the virus cause a 

disruption of all areas of its control, including renal function, 

which is manifested by a number of clinical symptoms [8,13]. 

This is due to excessive activation of the kallikrein-kinin 

system, in particular bradykinin, in an inflammatory environment, 

which leads to the development of pulmonary edema. As a 

result of the disruption of the cardioprotective effect of this 

system under the influence of the virus, patients develop 

hypokalemia, decreased blood pressure, arrhythmia, which 

in turn leads to complications of cardiovascular and renal 

diseases [18]. The above conditions are detected in 20-30% 

of patients hospitalized due to the virus, and in people with 

existing heart and kidney problems, this figure reaches 50%. 

Although the pathophysiology of cardiovascular diseases, 

like other pathological processes, is multifactorial, it is 

associated with increased expression of ACE II receptors on 

cardiomyocytes and fibroblasts of cardiac tissue, as noted 

above. This is confirmed by the fact that the virus directly 

affects endothelial and smooth muscle cells, as well as the 

heart. The development of myocarditis is due to the viral 

load and inflammation or activation of immune system cells 

in the coronary arteries and myocardium due to infection. In 

addition, as the disease progresses, myocardial ischemia 

increases, and patients with comorbidities may develop 

myocardial infarction if such treatments are not used [14,7]. 

The above confirms that COVID-19 is a systemic disease 

that affects all organs. However, to date, no studies have 

been conducted in Uzbekistan to determine which internal 

organs, other than the lungs, are most often affected by this 

infection in relatively healthy people. 

From this point of view, the study of kidney damage in 

patients with COVID-19 is also of great scientific and 

practical importance. 

Purpose of the study: To improve the comprehensive 

assessment and treatment of renal dysfunction in patients 

with COVID-19 without comorbidities. 

Materials and methods of the study: The source of the 

study was 121 patients who were treated for COVID-19    

in the Bukhara Regional Infectious Disease Center and the 

Bukhara Regional Multidisciplinary Medical Center and 

were under subsequent observation, in whom micro- and 

macroalbuminuria (above 30 mg / l) was detected in daily 

urine, without concomitant diseases. Their average age   

was 33.1 ± 0.8 years, among them there were 65 men and  

56 women. Of the study participants, 7 had a mild form    

of COVID-19, 27 had a moderate form, and 87 had a severe 

form. 

Patients included in the study were under continuous 

observation for six months. Laboratory and instrumental 

studies were carried out during the first week of the study 

and after six months. Table 1 below presents a description of 

the patients included in the study. 

 

Table 1.  Description of patients with COVID-19 and renal impairment without comorbidities 

Indicators 

Number of patients with renal dysfunction, n=121 P (significance  

of differences 

between groups) 
COVID-19, 

mild, n=7 

COVID-19, 

moderate, n=27 

COVID-19, 

severe, n=87 

Mean age, (years) 33.2±3.0 33.7±4.2 34.1±5.5 р1-2-3>0,05 

Women, (number) 3 (43%) 15 (55.5%) 38 (43.7%) р1-2-3>0,05 

Men, (number) 4 (57%) 12 (44.5%) 49 (56.3%) р1-2-3>0,05 

Body mass index, kg/m2 26.2±3.4 28.4±4.1 30.5±5.2 р1-2-3>0,05 

Smoking, % 2 (28.5%) 8 (29.6%) 24 (27.5%) р1-2-3>0,05 

Systolic blood pressure, mmHg 128.5±7.5 130.2±7.5 136.4±7.6 р1-2-3>0,05 

Diastolic blood pressure, mmHg 76,2±5,5 85,3±5,8 87,9±6,7 р1-2-3>0,05 
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As shown in the table, the average age in the groups   

was 33.2±3.0, 33.7±4.2 and 34.1±5.5 years, respectively, 

and they did not differ significantly from each other. When 

compared by gender, the first group consisted of 43% 

women and 57% men. In the second group, on the contrary, 

there were more women than men (55.5% versus 44.5%, 

respectively). In the third group, women accounted for 43.7%, 

and men – 56.3%. The body mass index in the first and 

second groups was 26.2±3.4 and 28.4±4.1 kg/m2, respectively, 

obesity was not revealed in the study participants. In the third 

group, the average body mass index was 30.5±5.2 kg/m2, 

they were obese. When comparing the body mass index in all 

groups, no reliable difference was observed (p>0.05). The 

number of smokers in all groups was 2 (28.5%), 8 (29.6%) 

and 24 (27.5%) people, respectively, the differences between 

them were not significant (p> 0.05). Systolic blood pressure 

in the first group was 128.5 ± 7.5 mm Hg, in the second 

group - 130.2 ± 7.5 mm Hg and in the third group 136.4 ± 7.6 

mm. organized. When comparing them, no significant 

difference was found (p> 0.05). The average diastolic blood 

pressure between the groups was 76.2 ± 5.5, 85.3 ± 5.8 and 

87.9 ± 6.7 mm Hg, respectively. (p> 0.05). The comparative 

analysis showed that the indicators in the three groups did 

not differ significantly from each other. Six months after 

hospital discharge, serum cystatin-C, interleukin-6, urinary 

nephrinuria, and antioxidant collagen IV levels were determined 

in patients before and after nephroprotective treatment using 

enzyme immunoassay. All patients also underwent ECG, 

radiography, and renal ultrasound. 

Patients were prescribed quercetin in capsule form, 500 

mg twice daily as an antioxidant and nephroprotective agent. 

This drug, along with antioxidant and nephroprotective 

effects, blocks the metabolism of arachidonic acid via    

the lipoxygenase pathway, suppressing the synthesis of 

leukotrienes, serotonin, and other inflammatory mediators. 

Blood biochemical parameters - serum alanine 

aminotransferase (ALT), aspartate aminotransferase (AST), 

bilirubin, glucose, urea, creatinine, total protein, potassium, 

sodium, coagulogram, blood lipid spectrum analysis were 

performed on a Mindry BA-88 biochemical analyzer using 

reagents from Human (Germany). 

Enzyme immunoassays were performed in the laboratory 

of the Bukhara Regional Multidisciplinary Clinical Hospital 

on a Cobas-6000 device (Roche, Germany). 

Serum cystatin C was determined by immunoturbidimetry 

using the DiaSys diagnostic kit (Germany). Normal values 

were considered to be 0.58–1.02 mg/ml (Hoek, 2003). 

Calculation of capillary filtration rate. The rate of CKD 

development was determined using the formula recommended 

by Hook et al. based on the blood cystatin-C level: CKD 

[ml/min/1.73 m2] = (80.35/cystatin-C [mg/ml]) - 4.32. 

The proinflammatory cytokine interleukin-6 was detected 

using the BEST 0 vector set. The test sensitivity is 0.13–0.3 

ng/ml. The reference value is 1.7 [1.4; 4.8] ng/ml. 

To determine the level of nephrin in urine (nephrinuria), 

the ELISA method was used using reagents from DiMediTec 

Diagnostic (Germany). 

Analysis and discussion of the study results. It is known 

that regardless of the severity of the coronavirus infection, 

systemic inflammatory processes develop in the patient's 

body. Recent studies have shown that these processes continue 

in the body long after patients have recovered [10,6]. 

Considering the above, we assessed the level of interleukin-6, 

one of the main markers of inflammation, before and after 

treatment in the patients we observed. Figure 1 below shows 

the results. 

 

 

*- differences are significant compared with pre-treatment values (*- P<0.05, ** - P<0.01, *** - P<0.001). 

Figure 1.  Changes in interleukin-6 levels (pg/ml) before and after treatment in patients with COVID-19 and varying degrees of renal impairment without 

comorbidities 
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As shown in the figure, pre-treatment interleukin-6 levels 

were 15.4±1.2, 21.4±2.7, and 29.0±2.8 pg/ml between the 

groups, respectively. When comparing, a significant difference 

(p<0.05) was found between the first and second groups, and 

a very significant difference (p<0.001) was found between 

the third group. There was no significant difference between 

the second and third groups (p>0.05). After treatment,    

the level of interleukin-6 in patients with a mild form of 

COVID-19 decreased by 3.42 times from 15.4 ± 1.2 pg / ml 

to 4.5 ± 0.8 pg / ml, which is a highly significant difference 

(p < 0.001). In patients with moderate and severe courses of 

the disease, its level was 21.4 ± 2.7 pg / ml before treatment 

and 11.2 ± 2.6 pg / ml after treatment, an improvement of 

1.91 times, a significant (p < 0.05) difference was revealed. 

In patients with a severe form of coronavirus, the level of 

interleukin-6 improved by 1.97 times from 29.0 ± 2.8 pg / ml 

to 14.8 ± 2.5 pg / ml, which is a highly significant difference 

(p < 0.001). As is known, creatinine has been used for many 

years as the main marker for assessing renal impairment. 

However, rapid changes in its indicators in the body due to 

various reasons create a number of uncertainties in assessing 

renal impairment. Therefore, in recent years, cystatin C has 

been recommended to assess renal impairment, a marker that 

is more reliable than creatinine. 

We studied renal impairment in patients included in our 

study using creatinine and cystatin C indicators before and 

after six months of treatment and compared the results. The 

results are presented in Table 2 below. 

As shown in the table, the functional state of the kidneys in 

patients was initially assessed by the creatinine level before 

and after treatment. The creatinine level in patients with mild 

COVID-19 was 70.2±3.4 μmol/L, with moderate severity - 

90.4±4.2 μmol/L, and with severe severity - 101.6±6.4 μmol/L. 

When comparing, a highly significant difference was noted 

in all groups before treatment compared to each other 

(p1-2-3<0.001). After nephroprotective treatment, the level 

in the first group changed from 70.2±3.4 to 60.2±2.1 μmol/L, 

and a significant difference was found (P<0.05). In patients 

with moderate COVID-19, after treatment, it decreased by 

1.22 times from 90.4±4.2 to 73.6±3.4 μmol/L, the difference 

is statistically significant (P<0.01). In the third group, the 

difference between the indicators before and after treatment 

ranged from 101.6±6.4 to 88.3±4.5 μmol/L, and the differences 

were significant (P<0.01).  

The creatinine-based SCF indicator was 120±2.8 ml, 

99±2.5 ml and 86±2.1 ml per minute per 1.73 m2 of body 

surface area, respectively, in both groups before treatment. 

When comparing the results between the groups, a highly 

significant difference was noted (p1-2-3<0.001). After treatment, 

the cerebrospinal fluid flow rate increased to 126±3.1 ml, 

118±2.8 ml, and 102±3.5 ml per minute per 1.73 m2 of body 

surface area in patients with mild, moderate, and severe 

COVID-19, respectively. When comparing the parameters 

before treatment, the differences in the first group were 

insignificant (p>0.05), while highly significant differences 

(p<0.001) were noted in the second and third groups.  

The level of cystatin C in patients with mild, moderate, 

and severe COVID-19 before treatment was 0.95±0.05 mg/L, 

1.1±0.05 mg/L, and 1.28±0.06 mg/L, respectively. The obtained 

parameters significantly (p<0.05) differed from each other. 

Although the first group improved from 0.95±0.05 to 

0.86±0.02 mg/L after six months of treatment, the differences 

were insignificant. In the second group, it decreased by 1.14 

times from 1.1±0.05 to 0.97±0.04 mg/L, with a significant 

difference (p0.05). In patients with severe coronavirus 

infection, after treatment, the level improved by 1.22 times 

from 1.28±0.06 to 1.05±0.02 mg/L, with a significant difference 

(p0.01).  

 

Table 2.  Indices of renal impairment before and after treatment in patients included in the study 

Indicators 

Number of patients with renal dysfunction, n=121 

P (significance 

of differences 

between groups) 

COVID-19, mild, n=7 COVID-19, moderate, n=27 COVID-19 severe, n=87 

Before 

treatment  

After 

treatment 

Before 

treatment 

After  

treatment 

Before 

treatment 

After 

treatment 

Creatinine, mmol/L 70.2±3.4 60.2±2.1* 90.4±4.2 73.6±3.4** 101.6±6.4 88.3±4.5** р1-2-30,001 

glomerular filtration 

rate calculated  

from creatinine, 

ml/min/1.73m2 

120±2.8 126±3.1 99±2.5 118±2.8*** 86±2.1 102±3.5*** р1-2-30,001 

Cystatin S, mg/l 0.95±0.05 0.86±0.02 1.1±0.05 0.97±0.04* 1.28±0.06 1.05±0.02** 

р2-3  0,05 

р1-2  0,05 

р1-30,001 

Glomerular filtration 

rate calculated    

by cystatin C, 

ml/min/1.73m2 

93±3.1 106±4.8* 76±3.6 90±3.4** 62±4.9 81±4.1** 

р1-20,01 

р1-30,001 

р2-30,05 

*- differences represent significant differences between parameters before and after treatment (*- P<0.05, ** - P<0.01, *** - P<0.001). 
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The mean eGFR values calculated using cystatin C before 

and after treatment were 93±3.1 ml, 76±3.6 ml, and 62±4.9 

ml per minute per 1.73 m2 of body surface area, respectively, 

between the groups. When these results were compared with 

the corresponding creatinine-based eGFR, a highly significant 

difference (p<0.001) was found in all groups. Therefore, it is 

reasonable to use cystatin C to detect renal impairment in 

patients who have recovered from COVID-19 but are 

considered relatively healthy. Compared with creatinine, it is 

more reliable in detecting existing latent renal failure. These 

differences are shown in Figure 2. 

Appendix: Glomerular filtration rate calculated using 

creatinine; Glomerular filtration rate is calculated using 

hCFTRcis-cystatin C. 

 

 

Figure 2.  The estimated glomerular filtration rate (GFR) per minute per 1.73 m2 of body surface area in patients included in the study was determined 

using creatinine and cystatin C (mL) 

 

*- differences are significant compared to pre-treatment values (*- P<0.05, ** - P<0.01, *** - P<0.001). 

Figure 3.  Comparative analysis of collagen type IV levels (ng/ml) before and after treatment in patients with COVID-19 and varying degrees of renal 

impairment without concomitant diseases 
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After six months of observation and treatment, the estimated 

GFR per minute per 1.73 m2 of body surface area in patients 

with mild COVID-19 increased from 93±3.1 ml to 106±4.8, 

a significant difference (p<0.05) was noted. In moderate 

form, after six months, it increased from 76±3.6 to 90±3.4 ml, 

with a significant difference (p<0.01). In patients with severe 

disease, GFR was 62±4.9 ml before treatment and 81±4.1 ml 

after treatment, the differences are significant (p<0.01).  

Also, long-term persistence of inflammatory processes  

in the body due to COVID-19 can lead to the development  

of fibrosis in this organ in patients with severe renal 

dysfunction. Taking this into account, we examined type IV 

collagen, one of the main markers of fibrosis, before and 

after treatment in patients included in our study. The results 

obtained are presented in Figure 3. 

As shown in the figure, before treatment, the level of type 

IV collagen was 52.0±4.5, 84.5±7.6 and 112.4±10.2 ng/ml  

in patients with mild, moderate and severe COVID-19, 

respectively. When comparing, a highly significant (p<0.001) 

difference was found between the first group and the other 

two groups. No significant difference was found between the 

second and third groups (p<0.05). 

After the treatment, the level of type IV collagen in 

patients with a mild form of COVID-19 decreased by 2.45 

times from 52.0 ± 4.5 ng / ml to 21.2 ± 4.8 ng / ml, which   

is a highly reliable difference (p < 0.001). In patients with 

moderate and severe courses of the disease, its level was  

84.5 ± 7.6 ng / ml before treatment and 48.5 ± 6.4 ng / ml 

after treatment, an improvement of 1.74 times, a significant 

(p < 0.05) difference was revealed. In patients with a severe 

form of coronavirus, the amount of type IV collagen improved 

by 1.43 times from 112.4 ± 10.2 ng / ml to 78.6 ± 8.4 pg / ml, 

which is a significant (p < 0.05) difference. The analysis 

conducted in this section confirmed the possibility of using 

cystatin C for the early detection of renal dysfunction      

in patients with coronavirus. In the examined patients, 

nephroprotective therapy demonstrated a positive effect on 

the glomerular filtration rate and the fibrosis marker type IV 

collagen, and reduced renal dysfunction. 

Studies conducted in recent years have shown that kidney 

changes caused by various diseases begin with podocyte 

damage. Therefore, we studied the level of nephrinuria, an 

indicator of podocyte protein, in patients included in the 

study. Figure 4 below shows the results. 

As shown in the figure, before treatment, the urinary 

nephrin level was 0.55±0.03, 0.72±0.03, and 0.9±0.04 ng/ml 

in patients with mild, moderate, and severe COVID-19, 

respectively. When comparing between the groups, a highly 

significant (p<0.001) difference was found. 

After treatment, the nephrinuria index in patients     

with mild COVID-19 decreased from 0.55±0.03 ng/ml to 

0.5±0.02 ng/ml, without significant difference (p>0.05).     

In patients with moderate and severe disease, its level was 

0.72±0.03 ng/ml before treatment and 0.64±0.02 ng/ml  

after treatment, a significant difference was noted (p<0.05). 

In patients with severe coronavirus, the level of nephrin    

in the urine improved by 1.18 times from 0.9±0.04 ng/ml    

to 0.76±0.03 pg/ml, which is a reliable (p<0.01) difference.  

 

  

*- differences are significant compared to pre-treatment values (*- P<0.05, ** - P<0.01, *** - P<0.001). 

Figure 4.  Comparative analysis of nephrinuria values before and after treatment (ng/ml) in patients with COVID-19 and varying degrees of renal 

impairment without comorbidities 
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2. Conclusions 

After six months of observation and antioxidant therapy, 

patients with mild, moderate and severe COVID-19 and 

renal impairment showed significant reductions in urinary 

interleukin-6, type IV collagen and nephrinuria. 
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