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Abstract

Background

Although COVID-19 is an acute disease that usually resolves rapidly in most cases, the dis-
ease can be fatal and has a mortality rate of about 1% to 56%. Alveolar injury and respiratory
failure are the main causes of death in patients with COVID 19. In addition, the effect of the
disease on other organs is not fully understood. Renal system affection has been reported

in patients with COVID 19 and is associated with a higher rate of diverse outcomes, includ-
ing mortality. Therefore, in the present work, we reported the clinical characteristics and lab-
oratory data of hospitalized patients with COVID-19 and analyzed the manifestations that
indicated renal system involvement and their impact on clinical outcomes.

Materials and methods

This was an observational retrospective study conducted at King Fahd Specialist Hospital,
Buraydah, Saudi Arabia. All patients with COVID-19 who were admitted to this Hospital
from April to December 2020 were included in the study. The patients’ findings at presenta-
tion were recorded. Demographic data and laboratory results (hematuria, proteinuria, uri-
nary sediment cast and pus cell presence, and kidney function tests) were retrieved from
electronic patient records.

Results

One hundred and ninety-three patients with confirmed COVID 19 were included in the
study. Dipstick examinations of all urine samples showed proteinuria and hematuria in
53.9% and 22.3% of patients, respectively, whereas microscopic examination revealed the
presence of pus and brown muddy granular casts in 33.7% and 12.4% of samples, respec-
tively. Acute kidney injury was reported in 23.3% of patients. A multivariable analysis dem-
onstrated that hematuria was associated with acute kidney injury (AKI) (OR, 2.4; 95% ClI,
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1.2-4.9; P=0.001), ICU admission (OR, 3.789; 95% ClI, 1.913-7.505; P =0.003), and mor-
tality (OR, 8.084; 95% Cl, 3.756—17.397; P =0.002). Conversely, proteinuria was less signif-
icantly associated with the risk of AKI (OR, 1.56; 95% Cl, 1.91-7.50; P =0.003), ICU
admission (OR, 2.493; 95% Cl, 1.25—-4.72; P =0.001), and mortality (OR, 2.764; 95% Cl,
1.368-5.121; P =0.003). Patients with AKI had a higher probability for mortality than did
those without AKI (OR, 14.208; 95% Cl, 6.434-31.375; P =0.003).

Conclusion

The manifestations of the involvement of the renal system are not uncommon in COVID-19.
These manifestations included proteinuria, hematuria, and AKI and were usually associated
with a poor prognosis, including high incidences of both ICU admission and mortality.

Introduction

Coronaviruses (CoV) are one of the most important pathogens affecting the human respira-
tory system. Previous epidemics of Coronaviruses included Severe Acute Respiratory Syn-
drome (SARS-CoV) and Middle East Respiratory Syndrome (MERS-CoV). At the end of
December 2019, a new virus belonging to the beta-coronavirus 2b phylogenetic tree lineage
begun a new outbreak in animals [1]. This virus is a new human-infecting coronavirus that
had not previously been recognized in humans [1]. On January 30, 2020, the World Health
Organization (WHO) considered the disease as a public health emergency of global concern.
The WHO termed this infection coronavirus disease 2019(COVID-19), whereas the virus was
named SARS-CoV-2 by the International Committee on Taxonomy of Viruses, as it was simi-
lar to SARS-CoV, which is the coronavirus responsible for SARS [2].

Angiotensin converting enzyme 2 (ACE2) has been identified as a functional receptor for
SARS-CoV [3]. Studies of SARS-CoV-2 showed that the spike protein of this virus also binds
to ACE2 receptors [4]. The ACE2 protein was identified in different organs, with particularly
high levels in the lungs, heart, ileum, kidneys, and bladder [5]. Therefore, although the respira-
tory system is the main target of the SARS-CoV-2 virus, it can also affect other systems, such
as the gastrointestinal tract and the renal and nervous systems [6].

SARS-CoV-2 causes an acute disease that usually resolves rapidly in most cases. Co-mor-
bidities are observed in 20%-30% of patients with COVID-19, whereas this proportion
increases to 50%-80% in patients with severe COVID-19 [7, 8]. The most common associated
chronic diseases are hypertension, diabetes, cardiovascular diseases, obesity, chronic obstruc-
tive pulmonary disease, and cancer [7, 9]. Those co-morbidities are associated with an
increased risk of ICU admission and death compared with the overall population [7, 9]. How-
ever, the in-hospital case fatality rate among patients with COVID-19 with these conditions
ranges from 1% [10] to 56% [11].

Although alveolar injury and respiratory failure are the main causes of death in COVID-19
patients, serious involvement of multiple systems, including renal system [12], cardiovascular
system [13], nervous system [14], coagulation [15] and skin [16] have been reported.

Renal involvement in COVID -19 patients may has a wide range of manifestations includ-
ing hematuria, proteinuria, pyuria and acute kidney injury (AKI) [17-20]. It has been reported
that proteinuria and hematuria have higher prevalence in COVID-19 than AKI [21, 22]. On
the other hand, AKI has now become an alarming sign and a significant risk factor for
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mortality in hospitalized COVID-19 patients [7, 23, 24]. The prevalence of AKI among SARS-
CoV-2 infected patients from different countries is variable [25]. Previous studies reported an
incidence of AKI among COVID-19 patients ranging from 5 to 29% [8, 24, 26-31]. Presence
of renal complications in COVID-19 disease is associated with higher rate of diverse outcome
including mortality [22]. Previous reports of COVID-19 patients documented that hematuria,
proteinuria and AKI are associated with high incidence of ICU admission, acute kidney injury
and mortality [17-20, 25].

Many factors associated with SARS-CoV-2 infection may raise the risk of renal involvement
in infected patients. These factors include older age, male sex, presence of co-morbidities, and
pre-existing chronic kidney disease [22, 23]. Renal system involvement during SARS-CoV-2
infection may be explained by different mechanisms. Direct viral injury and/or disturbed
hemodynamics of the kidney might cause AKI in COVID-19. In addition, the indirect effects
of SARS-CoV-2 infection on kidney cells may result from cytokine storms, hypoxia, and drug-
associated nephrotoxicity [32]. Secondary infection with other viruses, bacteria, and fungi can
contribute to AKI [32]. Sepsis was described as a probable mechanism underlying kidney
injury as a consequence of altered hemodynamics [32].

A large body of articles reported the involvement of the renal system in COVID-19.
Researchers also found a strong association between proteinuria, hematuria, and AKI and a
poor prognosis of SARS-COV-2 infection. Therefore, for the first time, we reported the clinical
characteristics and laboratory data of hospitalized patients with COVID-19 in Saudi Arabia
and analyzed the prevalence of proteinuria, hematuria, pyuria, and AKI and their impact on
the clinical outcomes of these patients.

Materials and methods

The present work was an observational retrospective study that was conducted at King Fahd
Specialist Hospital, Buraydah, Qassim, Saudi Arabia. All patients with COVID-19 who were
admitted to that hospital from April to December 2020 were included in the study. COVID-19
infection was confirmed by SARS-CoV-2 real-time polymerase chain reaction (RT-PCR) assay
in nasopharyngeal swabs. Patients were followed-up until discharge either because of recovery
or death. The patients’ manifestations at the time of presentation, such as fever, cough, sore
throat, headache, fatigue, muscle pain, and dyspnea, were recorded. Demographic data (age,
gender, and current associated diseases (i.e., diabetes mellitus, hypertension, chronic pulmo-
nary diseases, malignancy, chronic organ failure, etc.) and laboratory results (hematuria, pro-
teinuria, urinary sediment cast and pus cell presence, and kidney function tests) were retrieved
from electronic patient records.

The participants in the present study were classified according to the current Chinese
guidelines into three groups: moderate, severe, and critical groups. Patients with clinical symp-
toms of fever and cough and radiographic evidence of pneumonia were defined as moderate
cases. A severe case was defined as having one of the following: (i) respiratory rate >30/min,
(ii) oxygen saturation <93%, (iii) PaO2/FiO2 ratio <300 mmHg, or (iv) radiographic signs of
progression of pulmonary infiltration >50% in 24-48 h. A critical case was defined as having
one of the following conditions: respiratory failure requiring mechanical ventilation, shock, or
evidence of multiple organ failure requiring management in intensive care units [11].

AKI was defined as an increase in the serum level of creatinine (SCr) by 0.3 mg/dL at theba-
seline based on kidney disease in patients with reported baseline SCr within 3 months prior to
admission [33]. In patients without a previously reported SCr in the 3months prior to admis-
sion, AKI was defined as a SCr>1.2 mg/dL within the first 48 h of presentation to the emer-
gency department, with subsequent improvement by 50% during hospitalization [22].
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Proteinuria was defined by the presence of >1+ protein in urinalysis. Hematuria was
defined as the presence of more than four red blood cells per high-power field on urine analy-
sis. Pyuria was defined as the presence of more than 10 pus cells per high-power field on urine
analysis, and urinary tract infection was defined as the presence of a positive urine culture
[18, 34].

Ethics statement

The study was conducted according to the guidelines of the Declaration of Helsinki and was
approved by the Regional Research Ethics Committee, Ministry of Health, Saudi Arabia (IRB
number: H-04-Q-001). Informed consent was waived since this was a retrospective study with-
out patient identifiers.

Statistical analysis

Data analysis was carried out using the IBM SPSS 20.0 software (SPSS Inc., Chicago, IL, USA).
Continuous variables were expressed as the mean + standard deviation. Categorical data were
expressed as numbers and percentages. Comparison of two independent groups was per-
formed using the Mann-Whitney U test or the chi-squared test, for continuous and categorical
variables, respectively. Significance was set at P< 0.05.

Results
Baseline characteristics

One hundred and ninety-three patients with confirmed COVID-19 were included in the pres-
ent study. All participants were admitted to the hospital between April and December 2020.
The age of the participants ranged from 18 to 95 years (meant SD, 64.24+ 18.11 years). The
majority were older than50 years (78.4%). Most patients were males (59.1%). The most com-
mon associated co-morbidities were diabetes and hypertension. The most common presenting
symptom was fever. Moreover, 28.5% of the patients were critically ill patients who were
admitted to the ICU for mechanical ventilation. Patients were followed-up for a duration rang-
ing from 7 to 48 days until discharge (either for recovery or death).

According to the current Chinese guidelines, participants were classified into three groups:
moderate, severe, and critical. Compared with moderate cases, critical cases had a higher mean
age, a higher prevalence of co-morbid diseases among critical cases, and a high incidence of
dyspnea (Table 1).

Hematuria and proteinuria

Dipstick examinations of urine samples from all participants showed that 104 (53.9%) and 98
(50.7%) patients developed proteinuria and hematuria, respectively, after admission. A high
prevalence of hematuria was noticed among hypertensive and diabetic male patients with
COVID-19(with statistical significance).

Proteinuria and hematuria were associated with a high probability of ICU admission
among the patients with COVID-19. Patients with hematuria had a higher probability of ICU
admission compared with those without hematuria (OR, 3.789; 95% CI, 1.913-7.505; P =
0.003). Conversely, patients with proteinuria had a higher incidence of ICU admission com-
pared with those without proteinuria (OR, 2.493; 95% CI, 1.25-4.72; P = 0.001). Moreover,
critical cases had a higher prevalence of both proteinuria and hematuria compared with mod-
erate and severs cases (Table 1).
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Table 1. Sociodemographic, laboratory, and clinical data of the patients with COVID-19.

Age (years) 71.8 (47-9) 61.75(18-95) 56.25(19-89) 0.024*
Male patients (n/%) 30 (54.5) 75 (59.5) 9 (75) 0.424
Diabetes (N/%) 36 (65.5) 52 (41.3) 7 (85.3) 0.009*
Hypertension (N/%) 21(38.2) 40 (31.7) 3(33.3) 0.071
Cardiac diseases (N/%) 2(3.6) 9(7.1) 1(8.3) 0.636
Chronic respiratory disease 2(3.6) 1(0.7) 0(0) 0.054
Malignancy 2(3.6) 1(0.7) 0 (0) 0.234
Fever and cough (N/%) 17 (30.9) 42 (33.3) 5(41.7) 0.276
Fever (N/%) 6(10.9) 29 (23) 2(16.7) 0.124
Shortness of breath (N/%) 32 (58.2) 55 (43.7) 5(41.7) 0.002*
CRP (0-3.3 mg/L) 86.7 (7-201) 68.14 (1-285) 70.8 (4.5-145) 0.002*
ESR (0-29) 55.13 (16-120) 51.8 (9-112) 46.9 (13-111) 0.770
D dimer (0-0.5 mg/L) 2.67 (0.5-15) 3.26 (0.2-35) 5.5(0.3-30) 0.002*
WBCs (4-10 x 10A3/uL) 11.2 (3.4-50.6) 10.3 (2.3-29.4) 12.1 (4.9-27.5) 0.0088*
Lymphocytes(1-3 x 10A3/uL) 1.9 (0.2-12.2) 1.49 (0.3-10) 1.2 (0.7-2.9) 0.634
Neutrophils(1.8-7.7 x 10A3/uL) 8.1 (1.6-44.5) 7.8 (1-26.5) 9.9 (3.5-22.8) 0.340
Platelets (150-410 x 10/3/uL) 262.7 (77-759) 292.6 (53-1047) 351.6 (142-972) 0.540
Hemoglobin (11-16 g/dL) 12.2 (3.4-16.3) 12.1 (3.4-17.2) 11.9 (9-15) 0.269
RBCs (4-6 x 10/6/uL) 4.3 (1.6-5.5) 4.38 (2-6) 44 (3.2-5.7) 0.976
PT 13.5(11.1-25.3) 14.3 (10-45) 14.27 (12-21) 0.913
AST (5-41 U/L) 45.3 (10-208) 78.4 (7-4399) 143.3 (24-1182) 0.946
ALT (5-41 U/L) 35.9 (7-167) 42.5 (2-1825) 142.42 (8-1209) 0.060
ALP (50-140 U/L) 101.5 (27-443) 112.8 (4-478) 145.25 (47-403) 0.279
Serum creatinine (44-116/pmol/L) 112 (102-465) 117.25 (38-415) 124.25 (62-406) 0.341
Serum urea (2.76-8.07 mmol/L) 8.4 (2-40) 9.18 (1.8-41.7) 9.4 (3.9-32.4) 0.341
Lactate dehydrogenase (100-190 U/L) 405 (90-1515) 431.86 (103-1376) 515.75 (227-1849) 0.409
Serum albumin (34-35G/L) 33.7 (21.6-45-6) 33.42 (16-50) 32.7 (22.1-41.3) 0.582
Total protein (64-86 G/L) 70.145 (53-88.4) 69.13 (30-89) 66.9 (52.3-82) 0.146
Sodium (135-145 mmol/L) 139.2 (122-152) 135.49 (132-151) 136 (123-145) 0.169
Amylase (28-100 U/L) 95.6 (10-801) 67.52 (10-437) 109.3 (23-485) 0.298

Albuminuria(N/%) 38 (69.1) 63 (50) 3(25) 0.007*
Hematuria(N/%) 40 (72.7) 54 (42.9) 3 (25) 0.002*
AKI(N/%) 33 (60) 34 (27) 0.0 (0) 0.195
Pyuria (N/%) 27 (49.1) 50 (39.7) 2(16.7) 0.104
Granular casts in urine(N/%) 15 (27.3) 8(6.3) 1(8.3) 0.001*

Living (N/%) 17 (30.9) 108 (85.7) 11 (91.7) 0.001*
Dead (N/%) 38 (69.1) 18 (14.3) 1(8.3) 0.001*
Significance was set at P-value < 0.05.

https://doi.org/10.1371/journal.pone.0253036.t001

PLOS ONE | https://doi.org/10.1371/journal.pone.0253036  July 15, 2021 5/14


https://doi.org/10.1371/journal.pone.0253036.t001
https://doi.org/10.1371/journal.pone.0253036

PLOS ONE

Renal manifestations in COVID-19 patients

Microscopic examination

Microscopic examination of urine samples from all participants showed variable results. Sixty-
five (33.7%) of them had pus cells in their urine sediment. No difference was recognized
between male and female patients. The culture of the urine of patients with pyuria showed that
47 (72.3%) of them had no growth of organisms in culture where as the remaining 18 (27.7%)
patients showed growth of various organisms (Table 2).

In contrast, 24 (12.4%) of all participants showed brown muddy granular casts on urine
examination. No difference was found between male and female patients. Diabetes mellitus
was a significant risk factor for the presence of casts in urine. No other variables were signifi-
cantly associated with sterile pyuria, urinary tract infection, or the presence of casts in urine.
Both pyuria and urine casts were more prevalent in critical cases (Table 1).

Acute kidney injury

It is well known that AKI may complicate SARS-COV-2 infection and may be a life-threaten-
ing condition. Therefore, the serum creatinine level was monitored strictly in those patients.
During the observation period, 48 (23.3%) patients developed AKI according to the criteria
defined in the present work. The mean time to the occurrence of AKI from symptom onset
was 11 days. Patients in the AKI group were older than patients with no AKI (P< 0.001).
Moreover, diabetes and hypertension were statistically significant risk factors for the develop-
ment of AKI, and 73.3% of patients in the AKI group were critical cases. AKI was more preva-
lent among patients admitted to the ICU (OR, 14.946; 95% CI, 6.7-33.143; P = 0.001).
Inflammatory markers, including CRP and ESR, were higher in the AKI group. In addition,
blood cell and neutrophils counts were higher among AKI cases. The clinical characteristics
and laboratory findings of patients who developed AKI are shown in Table 3.

In the present study, hematuria and proteinuria were significant risk factors for AKI.
Patients with hematuria (OR, 2.4; 95% CI, 1.2-4.9; P = 0.001) and proteinuria (OR, 1.56; 95%
CI, 1.91-7.50; P = 0.003) had a higher incidence of AKI compared with those without hematu-
ria or proteinuria (Table 4).

Mortality

The patients included in the present study were followed-up until discharge (either due to
recovery or death). Fifty-seven patients (29.5%) died during the observation period. Thirty
(52.6%) cases had diabetes and 21 (36.8%) cases had hypertension (with statistical signifi-
cance). Patients admitted to the ICU were at a higher risk of death (OR, 13.111; 95% CI,
6.249-27.511; P = 0.003). Patients with hematuria (OR, 8.084; 95% CI, 3.756-17.397;

Table 2. Results of the culture of the urine of patients with COVID-19 and pyuria.

Organism Frequency (N) Percentage (%)

Negative 47 88.7
Acinetobacter 1 0.5
Candida (non-albicans) 8 5.7

E. Coli 1 1.0
Enterococcus 4 2.1
Klebsiella 1 0.5
Pseudomonas 2 1
Staphylococcus 1 0.5

Total 65 100.0

https://doi.org/10.1371/journal.pone.0253036.t002
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Table 3. Clinical and laboratory data in relation to AKI in patients with COVID-19.

Variable

Clinical characteristics

Age (years)

Male patients (n/%)

Diabetes (N/%)

Hypertension (N/%)

Clinical presentation

Fever and cough (N/%)

Fever (N/%)

Shortness of breath (N/%)
Cardiac diseases (N/%)
Severity

Critical

Severe

Moderate

ICU admission

Yes

No

Admission (days)

Laboratory data

CRP (0-3.3 mg/L)

ESR (0-29)

D dimer (0-0.5 mg/L)

WBCs (4-10 x 10A3/pL)
Lymphocytes(1-3 x 10A3/uL)
Neutrophils (1.8-7.7 x 10A3/uL)
Platelets (150-410 x 10A3/uL)
Hemoglobin(11-16 g/dL)
RBCs (4-6 x 10A6/L)

PT

AST (5-41 U/L)

ALT (5-41 U/L)

ALP (50-140 U/L)

Serum creatinine (44-116/umol/L)
Serum urea (2.76-8.07 mmol/L)
Lactate dehydrogenase (100-190 U/L)
Serum albumin (34-35G/L)
Total protein (64-86 G/L)
Sodium (135-145 mmol/L)
Amylase (28-100 U/L)
Outcome

Living (N/%)

Dead (N/%)

'Signiﬁcance was set at P< 0.05.

https://doi.org/10.1371/journal.pone.0253036.t003

AKI

68.7 (21-95)
28 (62.2)
21 (46.7)

18 (40)

19 (42.2)
3(6.7)
23 (51.1)
1(2.2)

33 (73.3)
12 (26.7)
0(0)

33 (73.3)
12 (26.7)
19.7 (7-45)

87.8 (14-211)
72.7 (23-111)
2.7 (0.2-15.2)
11.3 (2.7-50.6)
1.5 (0.2-6.8)
8.4 (1.5-44.5)
217.8 (77-759)
12 (6.9-15.7)
4.4 (2.5-5.7)
13.9 (10.5-22.5)
41.6 (14-208)
34.6 (6-167)
94.7 (27-313)
221.5 (120-342)
18.6 (11.8-39.9)
369.89 (147-815)
33.9 (18-50.1)
70.9 (40-80.6)
134 (11-151)
80.2 (10-443)

12 (24.4)
33 (75.6)

Non AKI

61.8 (18-95)
89 (60.1)
74 (50)
47 (31.8)

45 (30.4)
34 (23)
69 (46.6)
11 (7.4)

22 (14.9)
12 (8.1)
114 (77)

22 (14.9)
126 (85.10)
20.3 (7-48)

69.3 (1-285)
69.3 (16-120)
3.4 (0-35)
10.4 (2.5-27.5)
1.5 (0.3-12.2)
7.9 (1-2.4)
287.6 (53-1074)
12.0 (3.4-17.2)
43 (2-6)
14.3 (10-45)
81.9 (8-4933)
50.36 (2-1825)
115.8 (4-471)
91.43 (34-112)
8.997 (1.8-41.7)
447.8 (90-7054)
33.35 (16-47)
69.06 (30-89)
136.2 (136-150)
77.51 (10-801)

124 (83.8)
24 (16.2)

P-value

0.074*
0.001*
0.003*
0.001*

0.041*
0.033*
0.001*
0.183

0.003*
0.001*
0.003*

0.001*
0.001"
0.530

0.348
0.111
0.002*
0.298
0.548
0.481
0.392
0.184
0.007*
0.521
0.334
0.381
0.672
0.002*
0.004*
0.393
0.131
0.64
0.205
0.345

0.001*
0.003*

P =0.002), proteinuria (OR, 2.764; 95% CI, 1.368-5.121; P = 0.003), and AKI (OR, 14.208;
95% CI, 6.434-31.375; P = 0.003) were at a higher risk of death than were patients without
those findings. pLA multivariate analysis of risk factors for mortality using COX regression

PLOS ONE | https://doi.org/10.1371/journal.pone.0253036  July 15, 2021

7/14


https://doi.org/10.1371/journal.pone.0253036.t003
https://doi.org/10.1371/journal.pone.0253036

PLOS ONE Renal manifestations in COVID-19 patients

Table 4. Risk factors for the development of AKI among patients with COVID-19.

Variable AKI Non AKI P-value
Albuminuria(N/%) 28(62.2) 76(51.4) 0.007*
Hematuria(N/%) 30(66.7) 67(45.2) 0.009*
Pyuria (N/%) 21(46.7) 58(39.2) 0.004*
Fine granular casts in urine(N/%) 10(22.2) 14(9.5) 0.006*

“Significance was set at P< 0.05

https://doi.org/10.1371/journal.pone.0253036.t004
showed that age and hypertension, in addition to renal manifestations in the form of AKI,

hematuria, proteinuria, pyuria, and presence of casts, were significant risk factors for mortality
in patients with COVID-19 (Table 5).

Table 5. Multivariate COX regression analysis of risk factors for mortality among the patients with COVID-19 included in the present study.

Variable Hazard Ratio 95.0% Confidence Interval P-value
Age 1.026 1.000-1.053 0.054
Gender 1.726 0.871-3.417 0.118
ICU admission 0.264 0.014-4.938 0.373
Severity 1.036 0.092-11.690 0.977
Pyuria 0.534 0.214-1.334 0.002*
Hematuria 0.431 0.189-.987 0.046*
Albuminuria 0.695 0.313-1.542 0.001*
Casts in urine 0.930 0.377-2.294 0.004*
Hypertension 1.521 0.572-4.047 0.004*
Diabetes mellitus 1.185 0.512-2.745 0.691
Cardiac diseases 6.305 0.676-58.844 0.106
AKI 0.222 0.093-.529 0.001*
WBCS 1.106 0.795-1.541 0.549
LYMPH 0.711 0.400-1.262 0.244
NEUTRO 0.906 0.631-1.301 0.594
HB 0.944 0.680-1.311 0.731
RBCS 1.348 0.456-3.991 0.589
PLATLETS 0.999 0.995-1.002 0.420
PT 1.309 0.965-1.776 0.083
AST 0.999 0.991-1.006 0.717
ALT 1.001 0.987-1.016 0.853
ALP 1.008 1.001-1.014 0.029*
S.UREA 0.879 0.793-0.975 0.014*
S.CREATININE 1.007 1.002-1.011 0.003*
LDH 1.000 0.998-1.001 0.711
S.SODIUM 0.978 0.949-1.009 0.163
S.ALBUMIN 0.943 0.868-1.023 0.159
T.PROTEIN 1.016 0.960-1.074 0.590
AMYLASE 0.999 0.995-1.002 0.451
CRP 1.000 0.994-1.006 0.930
ESR 1.001 0.988-1.014 0.904
D dimer 0.919 0.818-1.033 0.158

"Significance was set at P< 0.05. Moreover, a univariate analysis using the renal variables as risk factors for mortality in patients with COVID-19 showed that all of these
parameters were associated with an increased risk of death in the patients who developed those manifestations (Fig 1).

https://doi.org/10.1371/journal.pone.0253036.t005
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Fig 1. Renal involvement is associated with an increased risk of death among hospitalized patients with COVID-19. A Kaplan-Meier
analysis of the effect of different manifestations of renal involvement on case fatality in hospitalized patients with COVID-19 showed that renal
involvement is associated with an increased risk of death (P-value< 0.05 for all variables).

https://doi.org/10.1371/journal.pone.0253036.9001

Discussion

COVID-19 has been reported mainly as a serious acute respiratory syndrome caused by alveo-
lar and interstitial pneumonia. Although the main organ system involved in the manifestation
of the disease is the pulmonary system, other organs, such as the gastrointestinal tract and the
renal and nervous systems, are also involved in infected patients. Recent studies indicate that
renal disorder is prevalent in patients with COVID-19 [29, 35]. The present research aimed to
determine the involvement of the renal system in these patients and its importance as a prog-
nostic factor in monitoring disease outcome. To the best of our knowledge, this was the first
study of the prevalence and relationship of hematuria, proteinuria, and AKI with patient out-
comes among hospitalized patients with COVID-19 in Saudi Arabia.

The present study included 193 COVID-19-positive patients. Most of them were elderly
males, which is consistent with previous studies [29, 30, 35-39]. The high disease prevalence
among males can be explained by the suppression of the immune system by the male sex hor-
mone testosterone [40]. It is well documented that hypo-androgenism is associated with
increased inflammatory cytokines, antibody titers, CD4/CDS8 ratios, and natural killer cells, as
well as a decrease in regulatory T cells [40]. Reduced immunity and ahigh prevalence of associ-
ated co-morbidities (mainly diabetes and hypertension) may explain the high prevalence of
the disease among elderly patients, which is in accordance with other reports [41].

Variable findings regarding renal system affection in COVID-19 were reported. Regarding
the dipstick examination of the urine of all participants, proteinuria and hematuria were
reported in 53.9% and 22.2% of the patients, respectively. We noted that proteinuria and
hematuria were associated with ICU admission. Patients with hematuria had a 3.7 times higher
risk of ICU admission, where as those with proteinuria had a 2.6 times higher risk of ICU
admission. These results are in agreement with previous reports [22, 24]. Cheng et al. [24]
reported a prevalence of 43.9% and 26.7% of proteinuria and hematuria, respectively, in a pro-
spective cohort study of 701 patients with COVID-19 in Wuhan, which is similar to the results
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reported by Hirsch et al. in a cohort of 646 patients from New York City, where he found a
prevalence of 42.1% of proteinuria [23]. Pei et al. reported a prevalence of 65.8% for protein-
uria and 41.7% for hematuria among 333 patients with COVID-19 [22].

In the present work, 45 patients (23.3%) developed AKI. Patients with hematuria had a 2.4
times higher risk of AKI, whereas patients with proteinuria had a 1.7 times higher risk of AKI than
did those without hematuria or proteinuria, which is accordance with previous reports [18, 22,
24]. Chan et al. reported that 84% of patients with proteinuria and 81% of patients with hematuria
developed AKI [42]. Another study reported by Chaudhri et al. revealed that patients with protein-
uria hada4.7 times higher risk of development of AKI [18]. Pei et al. estimated that, among the 333
patients examined, those with AKT had a higher incidence rate of proteinuria (88.6% vs.63.1%)
and hematuria (60% vs.41.7%) compared with the non-AKI group [22]. Studies of patients with
COVID-19 reported an incidence of AKI ranging from 5% to 29% [24, 26-31, 38, 43]. Cheng et al.
[24] reported a lower rate of AKI of 5.1% among701 patients from Wuhan, China. This may be
attributed to lower rates of co-morbidities, such as diabetes and hypertension, and lower preva-
lence of respiratory disease severity, as reported by the authors (only 13.4% of patients were criti-
cally ill). A greater incidence of AKI was reported in US hospitals, which may be attributed to the
differences in the baseline characteristics of patients [23]. In the present wok, 46.7% of the patients
in the AKI group had diabetes and 40% had hypertension. Hypertension was a significant risk fac-
tor for the development of AKI in the present study, which is in accordance with other studies of
AKI in COVID-19 [23]. This may be explained by the fact that associated vascular diseases might
contribute to impaired auto-regulation in the kidney, thereby placing hypertensive patients at a
higher risk of AKI from the vascular and hemodynamic abnormalities noted in COVID-19 [18].

In the present study, we reported pyuria in 65 patients, the majority of whom showed no
growth on culture. Pyuria in this case was sterile, which may be caused by viral cystitis [44]. It
is well known that SARS-COV-2 can be detected in the urine [45, 46]. In addition, SARS-
CoV-2 infection may cause ladder dysfunction (Mumm et al. 2020). Dhar et al. reported that
COVID-19-positive patients developed de novo urinary symptoms without urinary tract infec-
tion, as assessed by urine culture [47]. Mumm et al. first reported an increased frequency of
micturition among patients with COVID-19 [47, 48].

During the observation period, 57 patients died. We noticed that patients with COVID-19who
developed hematuria (OR, 8.084; 95% CI, 3.756-17.397; P = 0.002), proteinuria (OR, 2.764; 95%
CI, 1.368-5.121; P = 0.003), and AKI (OR, 14.208; 95% CI, 6.434-31.375; P = 0.003) were at a
higher risk of death than were other patients (with statistical significance). Our data are in accor-
dance with the results of other studies [18, 23, 24]. Chaudhri et al. studied 321 patients in New
York; they found that patients with proteinuria and AKI had a higher risk of death compared
with other patients [18]. In a Chinese study of 701 patients hospitalized for COVID-19, Cheng
et al. reported that proteinuria and hematuria were associated with an increased risk of in-hospital
death after adjusting for all other variables [24]. Pei et al. analyzed 333 Chinese patients hospital-
ized for COVID-19 and observed that those with renal involvement (hematuria, proteinuria, or
AKI) had higher rates of mortality than did those without these conditions [22].

Conclusion

Hematuria, proteinuria, and AKI are highly prevalent in patients with COVID-19 and are
associated with adverse outcomes in hospitalized patients with COVID-19. Patients who
develop renal system involvement in the form of the aforementioned manifestations are at
higher risk of ICU admission, AKI, and mortality than are those without renal involvement.
To prevent fatality in such cases, we suggest strict monitoring of kidney function in patients
with COVID-19, regardless of the past history of kidney disease. Therefore, clinicians can
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consider any potential interventions to protect kidney function at the early stage of the disease.
Further studies are required to investigate the etiologies of these kidney abnormalities.

The present study was performed at a single center in addition to having an observational
retrospective design, which limited the availability of some data that could explain the etiology
of AKI, to propose specific prevention or treatment measures. Therefore, additional more
detailed studies of the clinical data of patients are required to help explain the pathophysiology
of AKI in patients with COVID-19.
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