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Abstract

Objective: This study compared the pre-COVID-19, COVID-19, and post-COVID-19 periods of the patients in terms of urinalysis parameters and assessed the
relationships between the changes in these parameters and renal functions.

Materials and Methods: Four-hundred-eighty-two moderate and severe COVID-19 patients who had the data of urinalysis performed in the pre-COVID-19
period at most three months before the onset of COVID-19 diagnosis, during COVID-19 disease, and 15 days after they completely recovered from the COVID-19
disease were included in the study. Parameters of bilirubin, erythrocyte, leukocyte, protein, glucose, acidity (pH), and density were analyzed in urine samples, and
the results were recorded.

Results: CRP, e-GFR, fibrinogen and D-dimer values were found to be significantly different between the three groups (for all parameters p<0.05). A negative
correlation was found between e-GFR and both CRP (p<0.001, r:-0.289) and D-dimer (p:0.02, 1:-0.129) values of the patients during COVID-19. Urine pH,
presence of leukocyturia, presence of microscopic hematuria and presence of proteinuria were found to be significantly different between the three groups (for
all parameters p<0.05). It was determined that these four parameters increased significantly during the COVID-19 period and decreased in the post-COVID-19
period. A negative correlation between urine density and e-GFR (p:0.04, r:-0.175) and a positive (p:0.02, r:0.195) correlation between urine density and CRP were
detected during COVID-19.

Conclusion: The significant presence of hematuria and proteinuria during COVID-19 disease in line with the literature data supports the opinion that the disease
causes renal involvement. The tendency of the parameters on the post-COVID 15" day to return to normal ranges shows that the effects of the inflammation are
reversible after the patients recover from the disease.
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Oz

Amag¢: Bu ¢aligmada hastalarin Pre-COVID-19, COVID-19 ve Post-COVID-19 dénemlerinde idrar parametrelerinin karsilastirilmas: ve bu degisimin bobrek
fonksiyonlar ile iliskisi degerlendirilmistir.

Gerecler ve Yontemler: Pre-COVID-19 donemde 3 ay oncesine kadar, COVID-19 hastalik doneminde ve COVID-19 hastaligindan tamamen iyilestikten 15 giin
sonra iirinanaliz yapilmis olan 482 orta ve siddetli COVID-19 hastast ¢alismaya dahil edilmistir. Idrar 6rneklerinde bilirubin, eritrosit, 16kosit, protein, glukoz,
asidite (pH) ve dansite parametreleri incelendi ve sonuglar kaydedildi.

Bulgular: CRP, e-GFR, fibrinojen ve D-dimer degerleri {i¢ grup arasinda anlaml olarak farkli bulundu (tiim parametreler i¢in p<0,05). COVID-19 déneminde
e-GFR’nin CRP (p<0.001, 1:-0,289) ve D-dimer (p:0.02, 1:-0,129) ile negatif korelasyona sahip oldugu bulundu. idrar pH’1, I6kositiiri varligi, mikroskobik hematiiri
varlig1 ve proteiniiri varligi ii¢ grup arasinda anlamli olarak farkli bulundu (tiim parametreler i¢in p<0.05). Bu dort parametrenin de COVID-19 déneminde anlaml
artis gosterdigi, post-COVID-19 dénemde de azalma gosterdigi saptandi. COVID-19 déneminde idrar dansitesinin e-GFR ile negatif (p:0.04, 1:-0,175) CRP ile
pozitif (p:0.02, r:0,195) korelasyona sahip oldugu tespit edildi.

Sonuglar: Literatiir verileri ile uyumlu olarak COVID-19 hastalif1 sirasinda anlamli hematiiri ve proteiniiri varligi, hastaligmn bobrek tutulumuna neden
oldugu goriisiinii desteklemektedir. Post-COVID-19 15. giinde dlgiilen parametrelerinin normale donme egilimi gostermesi enfeksiyon donemi gegtikten sonra
inflamasyonun etkilerinin geri doniisiimlii olabilecegini gostermektedir.

Anahtar kelimeler: COVID-19, e-GFR, hematiiri, proteiniiri, {irinanaliz
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Introduction

Coronaviruses mainly cause respiratory tract infections and
gastrointestinal infections in humans [1]. World Health Organization
(WHO) named the infectious pneumonia disease caused by SARS-
CoV-2 virus as coronavirus disease 2019 (COVID-19) [2]. Hypoxia,
dyspnea, acute respiratory distress syndrome (ARDS), septic shock,
and multiple organ failure can also be seen in severe and critically
ill COVID-19 cases [3]. But most of the SARS-CoV-2 cases
remain asymptomatic after vaccination [4]. Many studies revealed
that urinary system involvement is prevalent in patients infected
with SARS-COV-2. Only limited number of studies showing a
correlation between urinary biochemical parameters and SARS-
COV-2 are available in the literature [5,6].

Urinalysis covers quick, economical, useful, and noninvasive
tests which provide detailed information on urine. These data
can aid in the diagnosis of many diseases including urinary
tract infections and can also be used in the monitorization of the
outcomes of the treatment used for these diseases [7,8].

The effects of SARS-CoV-2 on urinary biochemical
parameters were analyzed through comparing patient and control
groups or based on the severity of the disease in previous studies
but no research has yet been made both on the effect and change
in urinary parameters in periods before, during, and 15 days after
recovery from COVID-19 disease and also on the relationship
between the change in these parameters and renal function tests
and inflammatory markers. This study compared the parameters
of urinalysis in periods before, during, and after recovery from
pre-COVID-19 disease, and assessed the relationships between
the changes in these parameters and renal functions.

Material and Methods

The protocol of the study was approved by the Institutional
Ethics Committee of Necmettin Erbakan University (NEU:
2020/2835). Nine hundred ninety-seven patients hospitalized due
to COVID-19 disease between January 2020 and January 2022
were evaluated. Demographic data and comorbid conditions of
the patients were recorded. Four hundred eighty-two moderate
and severe COVID-19 inpatients who complied with the
inclusion criteria and had the data of urinalysis performed in a
maximum of three months before the diagnosis of COVID-19
disease, during the course of COVID-19 disease, on the 1% day
of hospitalization, and on the 15" day of their discharge were
included in the study.

RT-PCR-positive oropharyngeal and nasopharyngeal swabs
prepared for the detection of SARS-CoV-2 infection revaled
the diagnosis of COVID-19. Following the diagnosis of Sars-
Cov-2 infection, 15-30 mL clean, middle-flow urine samples
were collected for the patients. After the recovery, once the
first negative RT-PCR result of these patients was obtained,
urinalysis was re-taken on the post-discharge 15" day. Urine
samples were drawn from the urinary catheters of the critically
ill patients. Urinary parameters of bilirubin, erythrocyte, protein,
glucose, acidity (pH), and urine density were analyzed semi-
quantitatively on Dirui- H800 FUS-2000 (Dirui Industrial Co.
Ltd., China) urine biochemical analysis device, digital imaging
and automatic particle definition method microscopically and
the results were recorded.
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Peripheral venousbloodsamples (5 mL)weredrawnintoserum
separator tubes (Vacuette, Greiner Bio-One, Kremsmuenster,
Austria) in the morning between 9:00 am and 10:00 am after
8 hours of fasting. Serum samples were set aside for 30 to 60
minutes to allow the formation of clots prior to centrifugation at
1500G for 10 minutes at room temperature. Results of routine
biochemical, hematological, and urine analyzes were obtained
by reviewing patients’ records. Hematological analyses were
performed using XN-1000 Sysmex (Sysmex Corporation, Kobe,
Japan) hematology analyzer. All biochemical parameters were
analyzed using Abbott kits (Abbott Laboratories, Chicago, IL,
USA), which are manufactured for use with an Architect c16000
Auto-Analyzer.

Exclusion Criteria

Patients with underlying chronic diseases such as
hypertension, diabetes mellitus, chronic heart failure, patients
with urinary system oncological and stone disease, mild
COVID-19 that did not require hospitalization, and critically il
COVID-19 patients that required intensive care unit care were
excluded from the study.

Statistical Analysis

The data were encrypted and entered SPSS (Version 23)
software (IBM, SPSS Inc., Chicago, Illinois, USA). The
categorical values of the patients were expressed as numbers
and percentages and analyzed with a chi-square test. Continuous
variables were presented as mean and standard deviation (SD).
Friedman and Cochrane Q-tests were used for the statistical
analysis of the three groups. P<0.05 was considered statistically
significant.

Results

Mean age of 482 patients included in the study was 51.1 £ 20
years and 54% of the patients were male. A significant difference
was found among the three groups in terms of hematological
parameters of e-GFR, CRP, fibrinogen, and D-dimer values.
(For all parameters: p<0.05). There was no difference among the
three groups regarding the remaining hematological parameters.
In the post-COVID-19 period of the patients, renal function
tests such as eGFR, creatinine, and urea had turned back to
their baseline values. Details of demographic and hematological
parameters are available in Table 1. In the correlation analysis
a negative correlation was found between e-GFR and both CRP
(p<0.001, r:-0.289 and D-dimer (p:0.02, r:-0.129) during the
course of the COVID-19 disease (Figure 1).

Urinalysis parameters of pH value, leukocyturia, microscopic
hematuria, and proteinuria differed among the three groups (for
all parameters p<0.05). These three parameters had a significant
increase during the COVID-19 disease and decreased in the
post-COVID-19 period. No difference was detected between
other urinalysis parameters. Details of urinalysis parameters are
available in Table 2. The correlation analysis showed a negative
correlation between urine density and eGFR (p:0.04, r:-0.175),
and a positive (p:0.02, r:0.195) correlation between urine density
and CRP (Figure 2).
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Table 1. Details of pre-COVID-19, COVID-19, and post-COVID-19 15" day demographical and hematological parameters

Parameters n=482 Pre-COVID COVID Post-COVID 15th day P
Demographical parameters

Age (year) mean = SD 51.1+£20 -

Sex M/F % 54 /46 -
Hematological parameters

e-GFR (mean+ SD) 92.1+332 88.69 £33.5 90 +37.7 0.03
Urea (mean+ SD) 33.9+21.9 46.9 + 50 41.08 £30.4 0.39
Creatinin (mean+ SD) 1.17+£0.5 1.36 £1.37 1.1+0.3 0.8
CRP (mean+ SD) 23+67 69 + 89 35+£57 0.001
Fibrinogen (mean+ SD) 290 + 140 373 £219 335+ 151 <0.001
D-dimer (mean+ SD) 287 + 600 655 +2180 452+ 798 <0.001
Uric acid (mean + SD) 6.1+34 5+£19 55+£2.7 0.15
Sodium (mean+ SD) 1384+34 138.1+5.2 138.2+5.6 0.06
Potassium (mean+ SD) 44+05 4.32+0.6 42+0.7 0.32
Calcium (mean+ SD) 9.1+1.2 9.01+£0.7 9+1.04 0.2
LDH (mean+ SD) 235+ 112 259+218 250+ 196 0.31
CPK (mean+ SD) 88 + 61 122 £ 195 85+73 0.7

eGFR: estimated glomerular filtration rate; SD: standard deviation; CRP: C- reactive protein; LDH: lactate dehydrogenase; CPK: creatine
phosphokinase

COVID-13 0 Lk = ¥
GO 18
w-GFR a-GFRE

.
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Figure 1. Correlation analysis of e-GFR with CRP and D-dimer
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Table 2. Details of pre-COVID-19, COVID-19, and post-COVID-19 15th day urinalysis parameters

Pre-COVID COVID Post-COVID 15th day P

Urine density (mean+ SD) 1016.61 + 8.4 1017.02 +48.7 1015.1£6.4 0.15

i H
Urine p 5.88+12 6.04+ 1 6.2+0.7 0.04
(mean+ SD)
Urine bacterial microscopy
(Number of cells) (mean £SD) 1.97 (0-10) 2.04(0-25) 2(0-20) 0.58
Urine leukocyte microscopy
(Number of cells) (mean =SD) 3.770-3) 9.67(0-664) 7.67(0-365) 0.04
Urine erythrocyte microscopy

3.15(0-5 29.83 (0-488 .75 (0-388 0.01
(Number of cells) (mean +SD) ©-5) 283 ( ) 775 )
Bilirubinuria + % 5.6 1.5 0.5 0.36
Proteinuria + % 2.2 33 0.7 0.01
Glucoseuria + % 6.8 8.8 5.6 0.44
SD: sandard deviation
Lmhmn'” 80 L :.jn:lmn-u o
Chgni by ﬂ-lr ::r:.-
COAAD-14
- GFR

Figure 2. Correlation analysis of urine density with e-GFR and CRP

Discussion

Urine biochemical parameters can be used for the diagnosis
of urinary tract infections, and other systemic diseases, and in
the follow-up of treatment effects. Urinalysis can reveal these
parameters and is also extremely useful as it provides easy
sampling, cost efficiency, and quick results [8].

A limited number of studies in the literature have shown the
relationship between COVID-19 and urinary parameters. Current
studies were conducted through the comparison of Sars-COV-2
positive and negative patients. Our study stands unique as it
shows the changes in urine biochemistry in patients before the
diagnosis of COVID-19 disease, during, and after recovery from

57

COVID-1% CRE

this epidemic. Liu et al. reported higher urine protein, pH values,
and erythrocyte counts, but lower urine density in the COVID-19
group compared to the control group [9]. Another study reported
kidney involvement in 75% of COVID-19 patients, and 65.8%
of these patients had proteinuria and 41.7% had hematuria [10].
Murgod et al. detected a higher rate of hematuria and proteinuria
in COVID-19 patients compared to healthy controls and a
significant increase in both parameters as the severity of the
infection increased [6]. Demirelli et al. assessed 120 COVID-19
patients, and categorized these patients based on the severity
of the disease. Respective percentages of these patients had
glucosuria (6.7%), proteinuria (13.4%), urobilinogen positivity
(5.8%), leukocyturia (8.3%), and hematuria (9.2%) [11].

www.grandjournalofurology.com
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In our study patients, we detected a significant increase in
the rates of proteinuria, hematuria, and leukocyte counts during
COVID-19 disease compared to the pre-COVID-19 period and
a significant decrease in these parameters after recovery from
the disease (p<0.05, for all parameters). Additionally, urine pH
levels increased in the COVID-19, and post-COVID-19 periods
of the patients. As reported in the studies, we think that the
presence of proteinuria and hematuria in our study is related to
renal involvement in COVID-19. Contrarily, the detection of
leukocyturia associated with COVID-19 can be related to the
worsening of infection or the change of bladder flora due to the
medications used in hospitalized patients.

Pei et al. reported that proteinuria and microscopic hematuria
were more significant in critically ill COVID-19 patients and
acute kidney injury was seen at a rate of 42% among these
patients while at a rate of 4.5% in the COVID-19 population
in general [10]. Bonetti et al. studied the urine samples of 226
patients admitted to the emergency department and proteinuria,
and microscopic hematuria were detected in 89%, and 72%
of the patients, respectively. They reported that high urea and
creatinine values were related to increased mortality rates and
analysis of urine sediment was regarded as a useful prognostic
test [5]. In their logistic regression analysis, Morell-Garcia et
al. reported that among urinalysis parameters microscopic
hematuria was a risk factor for acute kidney injury (AKI),
intensive care requirement, and mortality [12]. Yildirim et al.
reported the presence of AKI in 4.5% of COVID-19 patients
and rates of proteinuria and hematuria were 64% and 64% vs
4.8% and 43% in patients with and without AKI, respectively.
Additionally, significantly higher creatinine, CRP, fibrinogen,
and D-dimer levels were detected in AKI patients [13].

In this study, we aimed to statistically evaluate the change
in kidney function tests in our patients during, and after
recovery from the COVID-19 disease. As a matter of fact, it was
determined that creatinine values increased and eGFR values
decreased (1.17 £ 0.5 vs 1.36 £ 1.37, 92.1 + 33.2 vs 88.69 +
33.5 respectively) during COVID-19 disease compared to the
pre-COVID-19 period. Although creatinine elevation occurred
in most of the patients, this increase could not be described
as evidence of renal failure. As a matter of fact, it has been
determined that the results of kidney function tests such as
eGFR, creatinine, and urea tend to return to pre-COVID-19
values after recovery from this disease. While urea, creatinine,
and eGFR levels tend to decrease during COVID-19 disease,
they tend to normalize in the post-COVID-19 period, but the
change is significant only for eGFR (p:0.03). Although these
findings support the claim that COVID-19 negatively affects
renal function, our data has shown lack of any permanent
change that can cause permanent kidney failure. This study
has also showed a negative correlation between levels of some
markers of inflammation including eGFR, CRP, and D-dimer
(p<0.001, p=0.02 respectively). These findings have indicated
that the severity of infection and inflammation may aggravate
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the adverse effects on kidney functions. Additionally, urine
density during COVID-19 disease had a negative correlation
with eGFR and a positive correlation with CRP. This fact can
be an indicator of the relationship between infection and urine
parameters.

Failure to analyze urinary sediment, urine creatinine, and
electrolyte values and non-categorization of the severity of
COVID-19 disease in our patients are the main limitations of
this study.

Conclusion

This study detected a significant decrease in eGFR, and
increase in infection parameters of CRP and D-dimer during
the COVID-19 disease. Thus, attention should be paid to kidney
failure during the COVID-19 disease, especially in patients with
critical kidney function test results and it should be emphasized
that the condition may get more severe due to the severity of the
infection. The significant presence of hematuria and proteinuria
during the COVID-19 disease supports the idea that the disease
also affects kidneys in line with the literature data. The tendency
of the parameters to return to their normal ranges 15 days after
recovery from COVID-19 disease indicates that the effects
of the inflammation are reversible after the resolution of the
infection. Highly detailed studies including greater number of
subgroups investigating changes in urinary findings for a longer
period should be conducted.
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