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The results of the analysis of case histories of 100 deceased patients (55 women and 45 men), whose cause of death was
the syndrome of multiple organ failure due to COVID-19, are presented. The case histories of patients who had no previous re-
nal dysfunction were selected for the analysis. The average age of the patients was 76 years. At the terminal stage of the dis-
ease, microhematuria was detected in 27 patients, hypercreatininemia was noted in 17 patients, while the creatinine content
in the blood did not exceed 437 pmol / L in any of 100 patients. Oliguria was observed in 9 patients, polyuria — in 43 patients.
A possible cause of kidney damage is the damaging effect of SARS-CoV-2 on the proximal convoluted tubules of the nephron.
At the same time, in no patient with a severe course of COVID-19, kidney damage did not determine the severity of the condi-
tion and was not the cause of death.
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Nopaxenua noyek y 6onbHbix COVID-19
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MpuBeaeHbl pe3ynbTathl aHanu3a uctopuit bonesHn 100 yMeplumx naumeHToB (55 KEHWMH U 45 MyMKUMH),
MPUYMHON CMEPTU KOTOpPbIX CTall CMHAPOM MOAMOPraHHOM HeAO0CTaTOMHOCTU BCMELCTBME KOPOHABUPYCHOW WHQEKLMM
COVID-19. Ona aHanu3a 6bin oTo6paHbl MCTOPUM 60NE3HU MALMEHTOB, paHee He MMEBLUMX HapyLLEHWA QYHKLMM NOYeK.
CpenHwit Bo3pacT 60nbHbIX cocTaBun 76 net. B TepMuHanbHoM ctagmm 3aboneBanna y 27 naumeHToB bbina BbiABIEHa M KPO-
remarypus, y 17 — oTMeueHa runeprpeaTMHUHEMUSA, NpU 3TOM COAEPHaHNe KpeaTUHWHA B KPoBY HU y ogHoro 13 100 naum-
€HTOB He npeBbiwano 437 MKkMonb/n. Onnrypua oTMeyeHa y 9 nauueHToB, nonnypua — y 43 6ombHbIX. Bo3amMorHOWM NpuumHoM
MOBPEKAEHWA MoYeK BbINo Noparkalolee fercTBUe KopoHasupyca SARS-CoV-2 Ha npoKcMManbHble U3BUTbIE KaHabLbl He-
¢poHa. Mpu 3TOM HM Y 0HOr0 NaLMeHTa ¢ TAMeNbIM TedeHneM COVID-19 noparkeHne noyeK He onpesenAno TAKECTb COCTO-
AHWA W He ABNANOCH NPUUMHON NIeTaNnbHOro UCX04a.
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INTRODUCTION

In December 2019, patients with pneumonia of un-
known etiology were identified in the city of Wuhan (Chi-
na). Within 3 months, outside of China, tens of thousands
of people fellillin 113 countries. In March 2020, the World
Health Organization declared a new coronavirus infec-
tion (NCI), named Coronavirus Disease 2019 (COVID-19),
a pandemic [1, 2]. Such a rapid spread of the infection
was due to the high contagiousness and severe disease
course. Efforts have been made everywhere to local-
ize the foci of the disease and increase the bed capacity
to provide emergency care to patients with NCI [3, 4].
Since the onset of the pandemic, the Ministry of Health
of the Russian Federation has issued 12 versions of
guidelines for the treatment of NCI. Moreover, all char-
acteristics of the disease course, optimal methods of
treatment, and long-term consequences of the infection
remain completely unknown, and the effects of the coro-
navirus on systems and organs, including the kidneys,
remain unclear. All this determines the relevance and
practical significance of further research of the effects
of COVID-19 on the human body.

Severe acute respiratory syndrome coronavirus
(SARS-CoV-2) is a new virus related to beta corona-
viruses, which are single-stranded RNA viruses [5, 6].
SARS-CoV-2 is highly contagious for humans, with
contact and airborne as the main routes of infec-
tion. The incubation period lasts from 2 to 14 days [7].
The most common clinical manifestations of NCI are fe-
ver (98.6%), fatigue (69.6%), dry cough (59.4%), myalgia
(34.8%), shortness of breath (31.2%), nausea, and diar-
rhea (10.1%) [8]. Mild and moderate courses are noted
in 80% of the patients, severe symptoms in 13%-25%,
and a life-threatening condition with respiratory and
multiple-organ failure, sepsis, and pulmonary embolism
in 5.0%-6.1% of the cases. Mortality in NCI is high and
varies with different countries, i.e., 7.2% in Italy and
3.8% in China [9, 10I.

Damage to kidneys by SARS-CoV-2

SARS-CoV-2 is tropic to many cells in human or-
gans, including angiotensin-converting enzyme 2 (ACE2)
receptors. Thus, human ACE2-positive cells are targets
of these viruses [11]. Zou et al. [12] revealed up to 4% of
ACE2-positive cells in the proximal convoluted tubules of
nephrons; thus, the kidneys are at high risk of infection
with SARS-CoV-2.

The nephrotoxic effect of coronavirus was already
known in 2005 from the publication of Chu et al. [13], who
reported the development of acute renal failure (ARF)
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in a group of patients with coronavirus infection,
which led to death in more than 90% of cases. ARF in
COVID-19 occurs in 5%-15% of cases. According to Cheng
et al. [14], who examined 710 patients with NCI, 44% had
proteinuria and hematuria, 26.7% noted only hematuria,
and 15.5% had hypercreatininemia. Based on the analy-
sis of the case histories of 200 patients with COVID-19,
Zhou et al. [15] noted proteinuria in 59% of the patients,
hematuria in 44%, and an increase in the level of creati-
nine in the blood in 10%. Mortality in patients with ARF
was 5.3 times higher than in individuals without ARD,
and ARF developed in the late disease stages. Protein-
uria, hematuria, and hypercreatininemia are thought to
be unfavorable predictors of disease outcomes. The sig-
nificance of kidney damage in NCI also reflects the fact
that in the 12th version of the temporary guidelines
“Prevention, diagnostics, and treatment of new coro-
navirus infection COVID-19" dated September 21, 2021,
the renal clinical and morphological masks of COVID-19
are separately allocated. In patients who died from
COVID-19, their kidneys demonstrated ischemic changes
caused by impaired microcirculation in the medulla, dia-
pedetic hemorrhages in the glomeruli, proliferation of
mesangial cells, and thickening of the basement mem-
brane, and granular, hyaline-droplet dystrophy, up to
necrosis, and lymphoid infiltration are observed in the
tubules [16]. These morphological changes are charac-
teristic of a systemic inflammatory response. Despite
close attention to kidney damage in NCI, many ques-
tions remain unanswered. Thus, there is no clear an-
swer to the question, is the kidney damage in patients
with NCI the result of a primary, direct viral lesion of
the kidney, or is it mediated by other factors? Secondary
damage can be associated with a “cytokine storm” and
other immune disorders, intoxication, hemolysis, oxy-
gen starvation of the nephron due to respiratory failure,
vascular and thrombotic disorders, and side effects of
drug therapy.

This retrospective study aimed to identify the as-
pects of renal function impairment in patients with
severe NCI.

MATERIALS AND METHODS

A retrospective assessment of the functional and
morphological state of the kidneys of patients with
confirmed NCI, whose cause of death was intoxica-
tion and multiple-organ failure syndrome, was per-
formed. We analyzed the case histories of 100 patients
(55 women and 45 men) who died in the period from
January 1, 2021, to June 3, 2021. On average, the
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patients were 76 years old. Given their serious condition,
the majority of the patients (60%) were admitted direct-
ly to the intensive care unit, bypassing the emergency
department.

In this study, the inclusion criteria were the pres-
ence of SARS-CoV-2 infection, confirmed by polymerase
chain reaction, intoxication, and multiple-organ failure
syndrome as the direct cause of death. The exclusion
criteria were severe somatic pathology and its com-
plications that can lead to death without SARS-CoV-2
infection (such as acute myocardial infarction, acute
cerebrovascular accident, pancreatitis, and extensive
purulent lesions of the skin and fatty tissue), concomi-
tant oncological diseases, pulmonary embolism, and
renal dysfunction before SARS-CoV-2 infection. Status
assessment of the kidney was based on the analysis of
laboratory parameters (creatinine and urea), daily urine
output, presence of hematuria, and results of the mor-
phological examination of the kidneys.

RESULTS AND DISCUSSION

In the analysis of 100 case histories, microhema-
turia was noted in 27 patients following SARS-CoV-2
infection. Microhematuria was transient, and assess-
ment of its source was not possible, especially consid-
ering the presence of a urethral catheter and intake of
anticoagulants. Hypercreatininemia was noted in 17 pa-
tients; the average plasma creatinine level in these pa-
tients was 200 + 24 pmol/L. Moreover, in 83 patients,
the blood creatinine level was within the normal range
(reference value, 62-115 pmol/l). Interestingly, none of
the 100 patients who died from multiple-organ failure
had creatinine levels in the blood exceeding 437 pmol/L.
This indicates that kidney damage in patients with severe
NCl is not considered the leading contributor of the se-
verity of the patient’s condition and death. The analysis
of laboratory parameters revealed that the level of urea
increases faster than that of creatinine. Thus, compared
with the reference values, the level of creatinine increased
by two times, while that of urea increased by three times
or more. A possible reason for this circumstance is that
patients with severe NCI showed signs of intoxication, i.e.,
an increase in urea level is a laboratory sign of intoxication,
whereas creatinine is an indicator of total renal function.

Clinical manifestations of ARF in the form of oliguria
and subsequent polyuria did not correspond to labora-
tory parameters. Oliguria was noted only in nine patients,
and their decrease in diuresis was accompanied by an
increase in the level of creatinine in the blood, which
indicates glomerular damage and decreased glomerular
filtration. The overwhelming majority of patients entered
the intensive care unit in an already serious condition,
and the oliguric stage of ARF development could proceed
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outside the intensive care unit, where daily diuresis was
considered. If polyuria is present, we could only state
hypercreatininemia. Thus, we suggested that hypercre-
atininemia was present in the remaining 8 of 17 pa-
tients with an increase in creatinine level in the blood.
Moreover, the results of this study suggest that it is not
possible to determine the exact incidence of ARF if all
classical stages of this syndrome had occurred. Altogeth-
er, in this study, polyuria was recorded in 43 patients.
The question arises about the discrepancy between the
number of patients with oliguria and polyuria, since these
symptoms are successive stages of ARF. We consider
two possible explanations for this phenomenon. First,
polyuria arose as a stage of ARF, but we did not observe
the oliguric stage, and second, ACE2-positive cells in the
proximal convoluted tubules of the nephron, which are
targets of SARS-CoV-2, were affected. As a result, water
reabsorption was impaired, the volume of excreted urine
increased, but an increase in creatinine level was not re-
corded, since it is filtered by the glomeruli.

Thus, SARS-CoV-2 may directly affect the renal pa-
renchyma in nephrons located in proximal convoluted tu-
bules. In this case, the function of the kidney as an organ
of excretion is not substantially affected, and the viral
lesion does not cause renal failure. This assumption re-
quires further research, including morphological studies.

Histological examination did not reveal specific signs
of kidney damage, which could be attributed to the di-
rect damage to the nephron caused by SARS-CoV-2.
All changes were nonspecific and represented parenchy-
mal dystrophy, microcirculation disorder, and cyanotic
induration of the kidneys. These changes were noted
in all clinical cases and were not specific, especially in
older patients.

CONCLUSIONS

In patients without renal failure prior to SARS-CoV-2
infection in cases of severe NCI complicated by multiple-
organ failure ARF develops in 17% and is not the leading
symptom complex that determines the severity of the
patient’s condition and disease outcomes. The assump-
tion about the direct damaging effect of SARS-CoV-2 on
the proximal convoluted tubules of the nephron requires
further study, including morphological analysis. The his-
tological examination of the kidneys revealed no spe-
cific signs of direct damage to the renal tissue caused
by SARS-CoV-2.
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