Systematic Review
A structured review of renal histopathological
lesions asssociated with SARS-CoV-2 infection
in patients with no history of kidney disease

ABSTRACT

Background and Aims: Structural and functional lung damage is the most documented
impairment in SARS-CoV-2. Nevertheless, the virus's impact extends beyond pulmonary
manifestations, affecting various organs and tissues, including the kidneys, known for their
expression of ACE2, the virus's cell entry receptor. The objective of this review is to provide
a comprehensive summary of studies investigating kidney injuries in individuals lacking prior
renal conditions following SARS-CoV-2 infection.

Methodology: A literature search encompassed studies published between December 2019
and September 2022, adhering to the PRISMA protocol. Electronic search strategies were
developed to identify relevant studies across several bibliographic databases, including
Pubmed, Scopus, Web of Knowledge, Embase, Scielo, Lilacs, Bireme, and Cochrane
databases. A comprehensive analysis was undertaken, encompassing 43 studies involving
128 patients selected based on stringent inclusion criteria: a confirmed diagnosis of SARS-
COV-2 infection, observable renal alterations through microscopy, and/or viral presence
detected in the kidneys.

Results: The included patients, primarily male (60.1%) with an average age of 53, exhibited
prevalent comorbidities such as hypertension, diabetes, and obesity. The predominant
outcome was death (43.7%), and various renal lesions were identified, with sclerosis,
hyalinosis, tubular necrosis, and vascular injuries being the most common. Tubular lesions
combined with glomerular lesions were frequently observed, regardless of comorbidity
status. The limited detection of the virus in renal tissue suggests a multifactorial origin of
renal lesions, not solely attributed to the virus itself. The risk of bias assessment revealed
mostly high-quality studies, with 24 assessed as low risk, 15 as moderate, and four as high
risk.

Conclusion: Studies point to a greater predominance of renal involvement in patients with
associated comorbidities, mainly arterial hypertension, which suggests a greater risk factor,
although it also occurs in smaller numbers in patients without comorbidities.
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1. INTRODUCTION

In December 2019, a novel disease surfaced in Wuhan, China, later identified as a
result of infection with a newly discovered acute virus, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [1, 2]. This virus swiftly propagated, culminating in a global
respiratory outbreak named coronavirus disease 2019 (COVID-19), officially declared a
pandemic by the World Health Organization on March 11, 2020 [2], resulting in a total count
of over 6 million deaths [2, 3].

SARS-CoV-2 harbors structural proteins, including nucleocapsid protein (N) and
membrane glycoprotein (M), integral to stabilizing viral genetic material and facilitating the
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viral replication cycle [4, 5]. Another critical component is the spike (S) glycoprotein,
responsible for initiating host cell entry by binding to the angiotensin-converting enzyme 2
(ACEZ2) receptor [4, 5].

The spectrum of SARS-CoV-2 infection ranges from asymptomatic cases to critical
conditions [6]. Asymptomatic individuals exhibit no symptoms or may experience respiratory
symptoms common to other viral infections [1, 6]. Severe cases of COVID-19 often entalil
multiple organ dysfunction, necessitating hospitalization [1, 6]. Well-documented symptoms
include runny nose, dry cough, fever, fatigue, shortness of breath, myalgia, diarrhea,
headache, and weakness [4].

While structural and functional lung damage is extensively documented [2,4,6], other
organs and tissues, such as blood, nervous tissue, heart, gastrointestinal tract, liver, and
kidneys, can also be affected [2, 4, 6]. Among the myriad complications observed, acute
respiratory distress syndrome, pneumonia, prothrombotic coagulopathy, acute
cerebrovascular disease, and renal failure stand out [2]. The kidneys, in particular, are
susceptible, emerging as frequent and severe complications of COVID-19 [2, 6].

Research indicates an upregulation of ACE2 expression in renal cells [3, 5, 7].
Pathological mechanisms, both direct (viral tropism in the kidney) and indirect (inflammatory
system activation, hypercoagulability, microangiopathy, and hypovolemia), contribute to the
diverse and multifactorial pathophysiology of kidney injury in COVID-19 [1, 2, 7]. These
mechanisms result in tubular and glomerular damage, leading to acute kidney injury (AKI)
[7]. Initial reports unveiled an incidence of AKI ranging from 5% to 29% in COVID-19 patients
[8]. The development of AKI, especially in SARS-CoV-2-infected individuals, emerges as a
grim prognostic factor linked to increased risks of death, ICU admission, and prolonged
hospital stays [7, 9]. Incidence rates may correlate with various risk factors, including age,
obesity, hypertension, diabetes, lung disease, chronic kidney disease, and smoking[1-4, 7].

Studies investigating the relationship between SARS-CoV-2 infection and AKI
development acknowledge limitations such as a small number of patients [3, 7][6,7],
unreported pre-existing conditions [7], interpatient differences [7], limited laboratory
investigations [8], and monocentric designs [9]. The diverse clinical features of COVID-19,
especially in AKI [8], necessitate further clarification on how SARS-CoV-2 affects the kidneys
and renal cells, especially in conditions without prior kidney disease, deepening our
understanding of the disease's pathogenesis. So, this systematic review aims to analyze
renal anatomopathological changes in SARS-CoV-2-infected patients without pre-existing
renal disease. Additionally, it seeks to discuss the potential etiopathogenesis involved in
renal injury in COVID-19, synthesizing evidence associated with renal changes secondary to
the virus.

2. METHODOLOGY

2.1 Search Strategy

We conducted a systematic review of original articles in accordance with PRISMA
guidelines [10]. The protocol was registered in PROSPERO (CRD42021290467). A
systematic search of electronic databases including Pubmed, Scopus, Web of Knowledge,
Embase, Scielo, Lilacs, Bireme, Cochrane, with studies published between December 2019
and September 2022. To search for articles in the databases, descriptors in health sciences
(Decs) and Medical subject Headings (MesH) were previously defined and divided into two
groups: terms associated with exposure to Sars-Cov-2 and terms related to acute kidney
injury as an outcome. The terms were combined with each other using Boolean operators
and adjusted according to the database used (Supplementary Table 1).

2.2 Selection of Studies
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Two independent investigators assessed titles and abstracts of all studies found with
electronic searches, and relevant articles were selected for full-text review. Studies identified
by the initial search were evaluated according to the following inclusion criteria: 1) language
(English, Spanish, Portuguese); 2) type of study (case-control, cohort, cross-sectional
studies, case reports, case series, clinical trials); 3) description of renal histopathological
and/or ultrastructural alterations. The studies selected at this stage were transferred to the
Mendeley software to remove duplicates. After removing duplicates, the articles were
analyzed in full-text by another two independent investigators. Studies were excluded if they
reported patients with previous kidney disease, patients without a confirmed diagnosis for
COVID-19 by exams, and without histopathological description of kidney injury. Those that
did not meet the inclusion and exclusion criteria were excluded. Discrepancies about the
eligibility were resolved by the senior reviewer (KHS). At the end of the full-text analysis
stage, the selected articles underwent extraction of the data of interest.

2.3 Data Extraction

For data extraction, an electronic spreadsheet was created by two reviewers. The selected
articles were divided between pairs of reviewers for data extraction. The information was
collected in 3 axes: General information of the article, clinical-laboratory and demographic
information of the patients of the analyzed study and anatomopathological alterations. In
general data, the following information was extracted: Authors, title, DOI, publication date,
type of study, language. The clinical-laboratory and demographic data obtained were: age,
sex, comorbidities, number of patients, clinical presentation, outcome (death, for example),
laboratory tests, imaging tests (ultrasound, computed tomography, for example) and
therapeutic approach adopted. (dialysis, kidney transplantation, for example). The
anatomopathological alterations described in the studies were divided into 3 parts, according
to the method used for their detection: anatomopathological alterations present in optical
microscopy, immunofluorescence and electron microscopy.

2.4 Assessment of Methodological Quality

To assess the methodological quality and risk of bias of the selected studies, we used the
Newcastle Ottawa Scale (NOS) [11] and the critical assessment tools for systematic reviews
proposed by the Joanna Briggs Institute (JBI) [12]. The NOS scale was used to evaluate the
cohort studies included in the review, analyzing them through 3 parameters: selection,
comparability and outcome. The tools proposed by the JBI were used to assess the quality
of the case reports and case series present in the review. They assess the quality of studies
using a dichotomous (yes or no) response questionnaire. Studies with more than 70% of a
“yes” answer show a low risk of bias; between 50 to 69% of “yes” answers have a moderate
risk of bias; and “yes” answers below 49% indicate a high risk of bias.

3. RESULTS

The search strategy identified a total of 9991 studies across all databases. Out of these,
97% (n=9639) were excluded based on title and abstract readings and selection criteria.
Subsequently, 298 articles underwent evaluation, and 85.5% (n=255) were excluded based
on selection criteria. Ultimately, 43 articles were subjected to analysis. The study selection
flowchart is presented in Figure 1. Among the analyzed articles, 40% (n=17) were from
2020, 37% from 2021, and 23% from 2022. The language of all articles was English. The
distribution based on study type included 65% (n=28) case reports, 28% (n=12) case series,
and 7% (n=3) cohort studies. Regarding microscopy techniques used, 98% (n=42) utilized
light microscopy, 56% (n=24) electron microscopy, and 51% (n=22) fluorescence
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microscopy. The studies originated from various countries, with 37% (n=16) conducted in the
United States, 9% (n=4) in Iran, Italy, and Spain each, 7% (n=3) in France, and smaller
percentages in other countries.
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Fig. 1. The study selection flowchart

3.1 Characteristic of the selected patients



A total of 296 patients were assessed across 43 studies, and 128 patients met the
inclusion criteria, which specified a confirmed diagnosis of SARS-COV-2 infection,
observable kidney changes through microscopy, and/or viral presence in the kidneys.
Exclusion criteria were applied to patients with prior kidney disease. The characteristics of
the selected patients are detailed in Table 1. Among the selected patients, 61% (n=78) were
male, while 39% (n=50) were female, with a mean age of 53 years for both groups. The
most prevalent comorbidities included hypertension, diabetes, and obesity. Half of the
patients had hypertension, a quarter had diabetes, and approximately 17.2% were affected
by obesity. Cardiovascular disease was present in 13.3% of cases, while 24.2% (n=31) had
no associated comorbidities.

Regarding outcomes, death was the most prevalent at 43.7% (n=56). Additionally,
18.7% (n=24) of patients experienced a worsening of renal conditions, while 28.9% (n=37)
showed improvement in laboratory test values, renal symptoms, and kidney recovery.
Outcomes were not reported for 11.7% (n=15) of patients. Fever was the predominant
clinical presentation, affecting 36.7% (n=47) of patients, with a higher frequency in males,
constituting 63.8% (n=30) of fever cases. Dyspnea was observed in 28.9% (n=37) of
patients, with no significant difference between sexes, consistent with COVID-19 symptoms.
Urinary disorders, including oliguria and hematuria, were observed in 16.4% (n=21) of

cases, predominantly in males. Additionally, 13.3% (n=17) of patients remained
asymptomatic.
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3.2 Histopathological Characteristics of Kidney Injury in COVID-19 Patients

In this study, the findings of kidney anatomopathological changes were divided into
three categories of lesions: 1) Glomerular: hypercellularity; glomerular basement membrane
changes; sclerosis and hyalinosis; podocytopathies; deposition of immune complexes and
antibodies; 2) Tubular: tubular necrosis; tubulointerstitial nephritis; cylinders and epithelium
3) Vascular: thrombotic microangiopathy; fibrin trombi; tromboses; thickening arterial;
arterionephrosclerosis.

Sclerosis and hyalinosis, tubular necrosis, tubulointerstitial nephritis and vascular
lesions were the most common lessions, with a frequency greater than 40%. Overall, there
was no common lesion for all patients. Regarding glomerular lesions, hypercellularity was
observed in 35.4% (n=45) of patients, with 41.9% (n=32) in those without comorbidities and
33.3% (n=13) in those with comorbidities. Basement membrane changes were detected in
11% (n=14) of patients, with 9.6% (n=3) in those without comorbidities and 11.4% (n=11) in
those with comorbidities. Sclerosis and hyalinosis were present in 47.2% (n=60) of patients,
with 32.2% (n=10) in those without comorbidities and 52% (n=50) in those with
comorbidities. Podocytopathies were identified in 31.5% (n=40) of patients, with 22.5% (n=7)
in those without comorbidities and 34.3% (n=33) in those with comorbidities. Deposition of
immune complexes and antibodies was found in 22.8% (n=29) of patients, with 38.7%
(n=12) in those without comorbidities and 17.7% (n=17) in those with comorbidities.
Regarding tubular and interstitial lesions, tubular necrosis was present in 61.4% (n=78) of
patients, predominantly in those with comorbidities (72.9%; n=70) compared to those without
comorbidities (25.8%; n=8). Tubulointerstitial nephritis was observed in 47.2% (n=60) of
patients, with 58% (n=18) in those without comorbidities and 43.7% (n=42) in those with
comorbidities. Cylinders and epithelium were detected in 14.1% (n=18) of patients, with
9.6% (n=3) in those without comorbidities and 15.6% (n=15) in those with comorbidities.
Additionally, vascular injuries were found in 41.7% (n=53) of patients, with 29% (n=9) in
those without comorbidities and 45.8% (n=44) in those with comorbidities.

To identify the most common categories of injuries among patients, they were
classified into seven groups (Table 2): (1) only Glomerular lesions 10.7% (n=13); (2) only
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Tubular lesions 8.2% (n=10); (3) only Vascular lesions 1.6% (n=2); (4) Tubular and
Glomerular lesions 42.1% (n=51); (5) Tubular and Vascular lesions 15.7% (n=19); (6)
Glomerular and Vascular lesions 1.6% (n=2); (7) All three categories — Glomerular,
Vascular, and Tubular — 19.8% (n=24). As shown in Table 2, the group with the highest
frequency consisted of patients presenting tubular lesions together with glomerular lesions,
accounting for 42.1% (n=51). This pattern was consistent in both patients with and without
comorbidities. Notably, patients without comorbidities exhibited a predominance of
glomerular lesions, with the group comprising glomerular lesions together with tubular
lesions representing 15.1% (n=14) and the group with only glomerular lesions representing
25.8% (n=8). Conversely, patients with comorbidities displayed a higher prevalence of
tubular lesions, with the group comprising glomerular lesions together with tubular lesions
representing 41.1% (n=37), followed by the group with all three lesions representing 23.3%
(n=21), and the group of tubular and vascular lesions representing 19.9% (n=17).

In this seven-group analysis, seven patients were not included. The
anatomopathological description of the microscopic findings of the patients by Volbeda et al.
(2021) was performed collectively, without a detailed description of each patient [53], thus
precluding their classification into the seven groups of kidney injuries. Additionally, Farkash
et al. (2020) presented a patient without kidney injury, but with visualized viral particles in
renal tissues [23], leading to inclusion in the study without being part of the renal lesion
analysis. Moreover, during the analysis of renal changes by sex, two patients by Diao et al.
(2021) were excluded from the total number of patients due to lack of information on their
sex [21]. Regarding microscopic findings by sex, no significant percentage differences were
observed between groups. However, the predominant finding remained the group of patients
with tubular lesions together with glomerular lesions, with 40.4% (n=19) in females and
41.6% (n=30) in males.

Table 2: Frequency of kidney injury categories found on microscopy

Patients Patients Total
Iniur with without Male Female atients
ury comorbidity | comorbidities n (%) n (%) pn (%)
n (%) n (%) i
Glomerular 5 (5,6) 8 (25,8) 7(9,7) 6 (12,7) 13 (10,7)
Tubular 9 (10) 1(3,2) 7(9,7) 3(6,3) 10 (8,2)
Vascular 1(1,1) 13,2) 1(1,4) 1(2,1) 2(1,6)
Tubular/Glomerular 37 (41,1) 14 (45,1) 30 (41,6) 19 (40,4) 51 (42,1)
Tubular/Vascular 17 (18,9) 2 (6,4) 10 (13,8) 9 (19,1) 19 (15,7)
Glomerular/Vascular 0 (0) 2 (6,4) 11,4 1(2,1) 2(1,6)
Glomerular/Tubular/
Vascular 21 (23,3) 3(9,6) 16 (22,2) 8 (17) 24 (19,8)

Furthermore, an analysis was conducted on patients with three comorbidities:

hypertension, diabetes, and obesity, either isolated or combined. This analysis aimed to
determine the most prevalent type of kidney injury in each comorbidity group (Table 3).
Patients with hypertension most frequently exhibited lesions in the tubulo/glomerular
compartment (n=19) and in the tubulo/glomerular/ivascular compartment (n=9). In
comparison, those with diabetes mellitus as their only comorbidity exhibited fewer lesions in
the tubulo/glomerular compartment (n=2). However, hypertensive and diabetic patients
showed a higher incidence of tubular (n=4), tubuloglomerular (n=4), and
tubulo/glomerular/vascular (n=5) changes. Patients with obesity as the sole comorbidity
most commonly displayed damage in the tubulo/glomerular/vascular compartment (n=4).
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Finally, individuals with all three comorbidities exhibited a greater number of lesions in the
tubular/vascular compartments (n=4). In summary, systemic arterial hypertension emerged
as the primary comorbidity predisposing patients to kidney damage.

Table 3: Comorbidities and the occurrence of kidney injuries

HTN | DM | Obesit | HTN/ | HTN/ DM/ | HTN/DM/ | Tota
y DM Obesit | Obesit | Obesity I
y y
GL 2 - - 1 - 1 1 5
TU 1 1 1 4 - - - 7
VAS - 1 - - - \ - 1
TU/GL 19 2 1 4 3 - 1 30
TU/VAS 3 - 1 3 1 - 4 12
GL/TUIVAS | 9 2 4 5 1 - 2 23
Total 34 6 7 17 5 1 8 78

HTN: Hypertension; DM: Diabetes Mellitus; GL: Glomerular; TU: Tubular; VAS: Vascular

3.3 Risk of Bias Assessment

The comprehensive evaluation of study quality revealed predominantly favorable outcomes.
Among the total studies, 24 demonstrated low risk, 15 exhibited moderate risk, and only four
were deemed high risk. Figure 2 visually encapsulates the risk of bias assessment for the
included studies.

Risk of Bias
=3 High
Case report
=3 Moderate
N Low
Casos series
Cohort—
T T T 1
0 10 20 30 40

Fig. 2. Risk of Bias



4. DISCUSSION

This systematic review provides valuable insights about COVID-19-induced kidney
injury in patients without a prior history of kidney disease. The findings reveal the
multifaceted nature of renal pathology associated with SARSCoV-2 infection. Glomerular
lesions, particularly those resembling Focal and Segmental Glomerulosclerosis, have been
frequently observed, along with tubular alterations, including tubular necrosis,
tubulointerstitial nephritis, and the presence of casts and epithelium in the tubular tissue. Our
findings suggest that the renal complications of COVID-19 are not solely due to direct viral
activity but also involve a complex interplay of immune responses and inflammation.
Furthermore, the presence of comorbidities in numerous patients may indicate the existence
of previously unidentified renal injury, particularly given that these comorbidities, such as
hypertension, diabetes, and obesity, progressively affect renal function over time.

4.1 Main renal alterations

Glomerular lesions are one of the main renal alterations found in the patients of the
present study. Among the alterations found, Segmental and Focal Glomerulosclerosis
(FSGS) stands out, present in 21 patients and its variant Segmental and Focal Collapsing
Glomerulosclerosis, evidenced in 20 patients. Other glomerular alterations, such as Minimal
Change Disease and Rapidly Progressive Glomerulonephritis were also found. Wu et al.
(2020) [56] and Laboux et al. (2021) [32] studies indicate an increased prevalence of
collapsing FSGS in patients who have high-risk APOL1 genotypes, more common in
individuals of African descent. The presence of this gene, together with the release of
cytokines promoted by SARS-Cov-2 infection, can cause glomerular lesions characteristic of
collapsing FSGS [32, 56, 57]. The pathogenesis of glomerular lesions resulting from
infection by Sars-Cov-2 is still unclear. There may be a direct viral effect on the kidneys due
to ACE2 expression in podocytes and mesangial cells, allowing the virus to enter these cells
[1, 58]. Another hypothesis is the massive release of pro-inflammatory cytokines triggered by
the immune response to the virus, which may cause glomerular lesions [1, 58].

Regarding vascular lesions, activation the immune system, local and/or systemic
inflammation can occur with consequent endothelial dysfunction and a hypercoagulable
state. Thus, a SARS-CoV-2 infection may be associated with thrombotic microangiopathy
present in renal infarction. Vasquez et al. (2022) [59], reported the case of a 21-year-old,
healthy woman, using an oral contraceptive pill (OCP) and with a positive diagnosis for
SARS-CoV-2 by PCR, presented multiple areas compatible with renal infarction in computed
tomography. Excluding other precedents, COVID-19 infection and the use of OCP were
accepted for this case as risk factors for the development of endothelial damage and
microvascular thrombi as a cause of renal infarction [59]. Balbi et al. (2021) [60], analyzed
serum samples from 83 patients and observed a 2.7-fold increase in circulating
microparticles and extracellular vesicles (EV) in SARS-CoV-2 positive patients compared to
SARS-CoV-2 negative patients and healthy controls. Studies suggest that EV causes
microthrombi in patients with COVID-19 by increasing specific markers such as CD9, CD63,
CD81 and CD142 by inducing immune responses and initiating the coagulation cascade [60,
61].A post-mortem histopathological analysis of 26 positive cases for COVID-19
corroborates our findings by observing severe endothelial injury in 3 cases and edema of
endothelial cells with foamy degeneration in 5 cases with comorbidities. However, the
authors suggest that endothelial injury is induced by direct infection of SARS-CoV-2 to the
renal parenchyma [62].

Regarding tubular alterations, approximately 75 cases were identified in patients
with comorbidities, either associated with glomerular lesions or associated with vascular
lesions. Among patients without comorbidities, 17 cases were reported. The tubular
alterations that are described by the analyzed authors refer to tubular necrosis,
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tubulointerstitial nephritis and the presence of casts and epithelium in the tubular tissue. The
pathophysiological mechanisms related to this injury were identified in studies by several
authors. Among them, tubular damage was correlated with the presence and cellular activity
of Sars-Cov-2, since podocytes and tubular cells have high expression of receptors for
ACEZ2. In this way, the cells of this tissue function as the main gateway for infection [63]. In a
study with 18 patients without previous kidney disease, Fukao et al. (2021) [64] analyzed
data from urinary biomarkers with inflammatory indicators and identified high levels of IL-6 in
patients with positive PCR as a marker of tubular injury, suggesting a severe systemic
inflammatory state involved in the pathogenesis of this structure.

4.2 Detection of coronaviruses in renal tissues

Studies have reported that some patients with COVID-19 showed an elevated level
of proteinuria, which suggests SARS-CoV-2 infection can cause acute kidney injury (AKI).
ACE?2 is widely expressed not only in the lungs, but also in other vital organs such as the
kidney, and it interacts with viral spike protein [21]. However, it is still being questioned
whether the kidney damage is directly mediated by presence of the virus or by a secondary
to immune response [40].Diao et al (2021) [21]showed that SARS-CoV-2 nucleocapsid
protein and spike antigens were found binding the ACE2 protein in the kidney tubules.
Hypoxic damage-associated molecules, as DP2 and prostaglandin D synthase were also co-
expressed, suggesting SARS-CoV-2 virus may be able to establish hypoxia and
consequently lead to kidney injury[21].

On the other hand, another kidney injury mechanism is proposed, different from
direct viral activity. Nowak et.al (2021) [40]demonstrate that an unproportional immune
response to the virus antigens may lead to cytokine storm, interferon release and
mononuclear cells activation resulting in kidney inflammatory injury.

Among the articles analyzed, some cases were selected because they described the
presence of viral particles in the kidney tissue, with a total of 11 patients (n=11)[15, 17, 21,
23, 42, 46]. Of these patients, 8 had comorbidities and 3 did not. Azukaitis et al. (2022)
identified few virus-like particles intracellularly and confirmed their existence by electron
microscopy analysis with immunohistochemical staining[15]. On the other hand, Farkash et
al. (2020) visualized viral particles with nuclei of intermediate density, surrounded by an
envelope with electro-dense tips in the form of a crown, but analysis by electron microscopy
did not detect the virus [23].

Pérez et al. (2021) located viral particles with a double contour membrane and a
characteristic crown in the podocyte cytoplasm [42], and Serafinelli et al. (2021) found in one
of their patients virus-like particles in the tubular epithelium [46]. Both studies were positive
in the immunohistochemical analysis, but had a negative Sars-Cov-2 RT-PCR. Finally, one
last situation was described by Bradley et al. (2020) in which the renal tubular epithelium
was positive for SARS-CoV-2 spike protein by immunohistochemistry in one of the patients
[17]. The same situation of viral protein identification in the renal tubules was also observed
in all six patients with biopsies analyzed by Diao et al. (2021) [21].

Among the renal lesions found in these patients, some similarities were presented.
In both cases in which the viral particle was found and the immunohistochemical analysis
was positive [42, 46], endocapillary proliferation was observed in the renal tissue, presence
of mesangial IgA and subendothelial and mesangial electro-dense deposits. Azukaitis et al.
(2022) [15], similar to the cases reported by Pérez (2021) [42], reported that their patients
had leukocyte infiltration and interstitial inflammation in the renal tissue. The patient
described by Farkash (2020) did not show any kidney damage on biopsy [23]. No other
similarities were found.

On the other hand, a correlation can be made between the affected renal
compartments, and the majority (72,7%; n=8) of all lesions presented refer to changes in
glomerular diseases and tubulars. In addition, 9% (n=1) of the lesions presented refer to
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glomerular and vascular diseases and 9% (n=1) are due to glomerular, tubular and vascular
injury. The study carried out by Azukaitis et al. (2022) was the one that most documented
tubular and interstitial lesions [15], and the study by Pérez et al. (2021) [42] identified many
glomerular lesions.

It is important to emphasize the presence or absence of comorbidities among
patients in whom viral particles were detected in renal tissue. The individuals reported by
Azukaitis et al. (2022) [15]and Serafineli et al. (2021) [46]did not present any comorbidity,
whereas the patients described by Farkash et al. (2020) [23], Bradley et al. (2020) [17]and
Pérez et al. (2021) [42]had dyslipidemia and other unrelated diseases, in addition to
hypertension [42] and other cardiovascular diseases [23]. Among the 6 patients reported by
Diao et al. (2021) [21], two of them had no comorbidity, while the other four had
hypertension, and one of them still had other cardiovascular diseases.

4.3 Relation to comorbidities and systemic disorders

In our analysis between comorbidities and the occurrence of kidney injuries,
hypertension alone was notoriously the comorbidity most associated with the occurrence of
kidney injuries. According to Ejaz et. al. (2020) [65], uncontrolled hypertension was
associated with an increased risk for infection by SARS-VOC-2 as well as a high rate of
morbidity and mortality [65]. Wang et al. (2020) reported that the prevalence of hypertension
was higher among those patients who required intensive care compared to those who did
not [61]. The increased propensity for infection by SARS-COV-2 in hypertensive patients
seems to be related to the imbalance in the renin-angiotensin-aldosterone system, the main
pathway involved in blood pressure control. According to Ejaz et al. (2020), a decrease in
angiotensin Il converting enzyme (ACE Il) and angiotensin 1-7 levels, in addition to an
increase in ACE and angiotensin |l concentrations were associated with an increased risk of
developing COVID-19 in its severe form [65]. In a study published by Schiffrin et al. (2020),
ACE Il appears to have an anti-inflammatory role, protecting against lung and kidney
damage, which are common complications of COVID-19 in its most severe spectrum [66].
Therefore, the reduction of this enzyme in hypertensive patients is probably related to the
greater amount of kidney damage that we observed in the hypertensive patients in our study.

Diabetes was another comorbidity evaluated in our study. Diabetic patients
developed fewer kidney lesions compared to hypertensive patients, but it was still a
comorbidity associated with a negative renal outcome. Ejaz et. al. (2020) revealed that
diabetic people are more likely to contract infections by sars-cov-2 due to impaired function
of phagocytic cells, as well as an increased level of receptors for ACE I, key receptor for the
interaction between virus-host [65].

Finally, obesity was another comorbidity associated with the occurrence of kidney
damage in patients with COVID-19. Fresan et al. (2020), in a cohort of 433,995 patients,
showed that patients had an increased risk of hospitalization and of developing severe forms
of the disease [67]. The prevalence of severe forms of the disease in obese patients,
according to a study published by Gao et al. (2021), seems to be related to restrictive
ventilatory effects caused by excessive abdominal fat, as well as a prothrombotic state,
impaired immune function, chronic inflammation in low grade, and increases in ACE Il
receptor expression in adipose and cardiovascular tissue [68].

The most frequent renal alterations found in this review were tubular lesions
associated with glomerular lesions, both in patients with comorbidity and in those without
comorbidity, with glomerular lesions being the main alterations. The number of patients with
detection of the virus in the renal tissue was small, corroborating the hypothesis that the
renal lesion can be multifactorial, not only directly caused by the virus. In addition, studies
point to a greater predominance of renal involvement in patients with associated
comorbidities, mainly arterial hypertension, which suggests a greater risk factor, although it
also occurs in smaller numbers in patients without comorbidities.
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4.4 Limitations

This review has limitations, as it was developed mostly from case reports or case
series. Many articles that addressed the theme had to be excluded, as they had not
performed a renal biopsy. Some articles had no description of electron microscopy to
confirm the presence or absence of Sars-Cov-2 viral particles, others articles did not perform
immunohistochemistry for Spike protein. Despite these limitations, our study provides a
selective analysis of COVID-19 kidney damage in patients who did not have a prior kidney
disease. In addition, the presence of previous comorbidities was also observed in these
patients and their relationship with the development of kidney damage associated with
infection by Sars-Cov-2.

5. CONCLUSION

In summary, our analysis underscores the pivotal role of comorbidities, particularly
hypertension, diabetes, and obesity, in both the frequency and intensity of kidney injuries
among COVID-19 patients. Notably, hypertension emerges as a substantial risk factor in this
context. While the direct detection of viral particles in renal tissues remains limited, the
findings presented in this review illuminate the intricate nature of kidney injury induced by
SARS-CoV-2. This multifaceted manifestation can stem either directly from the virus's impact
on kidney tissue or as a consequence of the systemic response to the viral infection. The
comprehensive insights gleaned from this study contribute to a nuanced understanding of
the renal implications associated with COVID-19, paving the way for targeted interventions
and further research in this critical area.
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Supplementary Table 1. Search strategy in the databases

* English:

(“Acute Kidney Injury” OR “Acute Kidney Injuries” OR “Acute Renal Injury” OR “Acute
Renal Injuries” OR “Acute Renal Insufficiency” OR “Acute Kidney Insufficiencies” OR
“Acute Renal Failure” OR “Acute Renal Failures” OR “Acute Kidney Failure” OR “Acute
Kidney Failures” OR “Kidney Disease” OR “Kidney Diseases”) AND (COVID-19 OR
“Coronavirus Infections” OR “SARS CoV 2 Infection” OR “SARS-CoV-2 Virus” OR “Severe
Acute Respiratory Syndrome Coronavirus 2”)

» English/Portuguese/Spanish:

(“Acute Kidney Injury” OR “Acute Kidney Injuries” OR “Acute Renal Injury” OR “Acute
Renal Injuries” OR “Acute Renal Insufficiency” OR “Acute Kidney Insufficiencies” OR
“Acute Renal Failure” OR “Acute Renal Failures” OR “Acute Kidney Failure” OR “Acute
Kidney Failures” OR “Kidney Disease” OR “Kidney Diseases” OR “Les&do Renal Aguda”
OR “Injuria Renal aguda” OR “Doenga renal” OR “Doengasrenais” OR “Nefropatia” OR
“‘Nefropatias” OR “Lesién Renal Aguda” OR “Enfermedadesrenales”) AND (“COVID-19”
OR “COVID19” OR “covid-19” OR “Coronavirus Infections” OR “SARS CoV 2 Infection”
OR “SARS-CoV-2 Virus” OR “Severe Acute Respiratory Syndrome Coronavirus 2° OR
“Doenga Viral COVID-19” OR “Infec¢aopelo SARS-CoV-2" OR “Infecgdopor SARS-CoV-2"
OR “Infecgbespor SARS-CoV-2” OR “Pandemia por COVID-19” OR “Infecciénpor el
SARS-CoV-2")

* Portuguese/Spanish:

(“Lesao Renal Aguda” OR ‘“Injuria Renal aguda” OR “Doencga renal” OR “Doengasrenais”
OR “Nefropatia” OR “Nefropatias” OR “Lesion Renal Aguda” OR “Enfermedadesrenales”)
AND (“COVID-19” OR “COVID19” OR *“covid-19” OR “Doenga Viral COVID-19” OR
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“Infecgaopelo SARS-CoV-2" OR “Infecgdopor SARS-CoV-2” OR ‘“Infecgbespor SARS-
CoV-2” OR “Pandemia por COVID-19” OR “Infecciénpor el SARS-CoV-2")

» Portuguese:

(“Lesao Renal Aguda” OR “Injuria Renal aguda” OR “Doenga renal” OR “Doencasrenais”
OR “Nefropatia” OR “Nefropatias”) AND (“COVID-19” OR “COVID19” OR “covid-19” OR
“Doenca Viral COVID-19” OR “Infec¢aopelo SARS-CoV-2” OR “Infecgdopor SARS-CoV-2”
OR “Infec¢despor SARS-CoV-2” OR “Pandemia por COVID-19”)

» Spanish:

(“Lesién Renal Aguda” OR “Enfermedadesrenales”) AND (“Infeccionpor el SARS-CoV-2")




