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Abstract

Objectives: Early prediction of risk factors for serious illness and death in patients with coronavirus disease 2019
(COVID-19) appears to be a priority. This study aimed to examine whether a single estimated glomerular filtration rate
(eGFR) at triage predicts the need for intensive care unit (ICU) admission of patients with COVID-19.

Methods: This retrospective study included data from patients with COVID-19 at the Bursa Yuksek Ihtisas Training and
Research Hospital until October 2020. Patients were assigned to two groups according to their eGFR level at admission:
group 1 (eGFR >60 mL/min/1.73 m?) and group 2 (eGFR=30-60 mL/min/1.73 m?).

Results: The results of 1447 consecutive patients diagnosed with COVID-19 were analyzed at hospital admissions. Of
these, 1001 patients who met the study criteria were included in the study. The median age of group 2 was higher than
group 1: 69 interquartile range (IQR 23) years versus 39 (IQR 23) years (p<0.01). Patients with an eGFR <60 mL/min/1.73
m? had lower lymphocyte counts while having higher C-reactive protein, d-dimer, lactate dehydrogenase, and fibrino-
gen levels. The ICU admissions were significantly higher in patients with a baseline eGFR <60 mL/min/1.73 m? (42.85%)
compared with an eGFR >60 mL/min/1.73 m? (6.42%, p<0.001). There was a weak negative correlation between eGFR
and ICU admission (rho=-0.291, p<0.001).

Conclusion: The eGFR at admission was strongly correlated with the severity of the disease. Therefore, measuring eGFR
in all patients at admission may warrant appropriate triage.
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oronavirus disease 2019 (COVID-19) is an infectious dis-
Cease, which can cause multiple symptoms, such as high
fever, cough, shortness of breath, headache, sore throat, runny
nose, loss of smell and taste, muscle and joint pain, weakness,
and diarrhea. COVID-19 also affects the pulmonary, renal,
cardiovascular, digestive, and nervous systems [1]. Moreover,

clinical manifestations range from asymptomatic disease to
severe viral pneumonia accompanied by respiratory failure
which may result in death [2].

Early prediction of risk factors for serious illness and death in

patients with COVID-19 is important. According to the current
evidence, elderly people with underlying diseases, such as di-
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abetes, hypertension, and cardiovascular diseases, are at an
increased risk of severe COVID-19 and an intensive care unit
(ICU) admission [3, 4]. However, risk factors for severe disease
may vary in different geographic areas due to ethnicity, ge-
netic background, lifestyle, and demographic differences [5-
8]. Depending on the studied population, the need for ICU
might differ ranging from 5% to 32% [9].

An impaired kidney function negatively affects the mainte-
nance of electrolyte and acid base balances of the human
body by inhibiting the excretion of metabolites and toxins.
Previous studies have shown an association between a low
estimated glomerular filtration rate (eGFR) and increased hos-
pitalization and mortality in patients with pneumonia [10, 11].

This study aimed to examine whether a single eGFR.

Materials and Methods

This retrospective study includes data from patients with
COVID-19 at the Bursa Yuksek Ihtisas Training and Research
Hospital until October 2020. Institutional Ethics Committee
approved the study protocol (2020-10-31T19_02_55 and
2011-KAEK-25-2020/11-04).

The data were collected from hospital records. Patient demo-
graphics along with clinical and laboratory results at the time
of admission were reviewed while protecting the anonymity
and confidentiality of the data.

This study included patients with COVID-19, who were diag-
nosed as directed by the Department of Health. All patients
were confirmed by reverse transcription-polymerase chain
reaction detection of severe acute respiratory syndrome
coronavirus 2 (SARS CoV 2) RNA using nasal and pharyngeal
swabs [3]. Patients directed from a pre-triage checkpoint to
the triage unit with a clinical probability of COVID-19 were
included. Individuals younger than 18 years of age, with GFR
<30 mL/min/1.73 m? (n=17), without any laboratory test re-
sults at admission, and receiving maintenance hemodialysis
or peritoneal dialysis were excluded from the study.

The triage protocol for patients with COVID-19 in our hospi-
tal included taking blood samples on admission and analy-
ses within 1 h. The complete blood count was analyzed us-
ing an automatic blood counter (Mindray BC-5800, Mindray
Biomedical Electronics Co., Ltd., Shenzhen, People’s Republic
of China). The C-reactive protein (CRP) levels were measured
using a BN Il system nephelometer (Siemens Healthcare
Diagnostics, USA), d-dimer levels using a Sysmex CS-5100
(Siemens Healthcare Diagnostics, Erlangen, Germany), and
ferritin using a Roche Cobas® e602 (Roche Diagnostics,
Mannheim, Germany). Lactate dehydrogenase (LDH), serum
glutamic oxaloacetic transaminase, serum glutamic pyruvic
transaminase, creatinine, sodium, potassium, and chloride
were measured with a Roche Cobas® e702 (Roche Diagnos-
tics, Mannheim, Germany).

eGFR was calculated based on the Modification of Diet in Re-
nal Disease (MDRD) formula [12].

Patients were assigned to two groups according to their eGFR
level at admission: group 1 (eGFR >60 mL/min/1.73 m?) and
group 2 (eGFR=30-60 mL/min/1.73 m?).

Patients who were transferred to the ICU fulfilled one of the fol-
lowing criteria: they experienced dyspnea and respiratory dis-
tress, or they had a respiratory rate >30/min with PaO_/FiO,<100/
min. Other possible criteria for an ICU admission included acute
kidney injury, acute organ dysfunction, immunosuppression,
acute bleeding diathesis, troponin increase, arrhythmia, lactate
>2 mmol/L, capillary return disorder, and cutis marmorata [13].

Statistical analysis

The data were analyzed using the SPSS 23.0 statistics package
(SPSS Inc., Chicago, IL, USA). In comparing the averages be-
tween groups, Student’s t-tests were used for variables with
a normal distribution and Mann-Whitney U tests were used
for variables without a normal distribution. Categorical vari-
ables were compared with Chi-squared tests or Fisher’s exact
tests. Spearman correlation coefficient was used to calculate
ICU admission and laboratory parameters at admission. The
receiver operating characteristic curve (ROC) curve was used
to evaluate the ability of the eGFR on ICU admission, and the
optimal cut-off value was determined using Youden’s index.
Predicted probability for eGFR contribution to ICU admission
was computed using a univariate logistic regression model. p-
values <0.05 were considered significant.

Results

Baseline characteristics

The results of 1447 consecutive patients diagnosed with
COVID-19 were analyzed at hospital admissions. Of these,
1001 patients who met the study criteria were included in
the study. The median age of all patients was 42 (range 18-
93) years. The clinical manifestations of severe cases with
COVID-19 on admission included fever (49%), cough (46%),
dyspnea/difficulty breathing (42%), sore throat (23%), runny
nose/nasal congestion (17%), myalgia/arthralgia (11%), fa-
tigue (15%), chest pain/discomfort (10%), anosmia (19%),
headache (17%), nausea/vomiting (11%), and diarrhea (3%).

This study included 903 patients from group 1 (eGFR >60 mL/
min/1.73 m?) and 98 patients from group 2 (GFR=30-60 mL/
min/1.73 m?). Totally, 100 patients were admitted to the ICU:
58 from group 1 and 42 from group 2. The rate of ICU admis-
sions was significantly higher in patients with a baseline eGFR
<60 mL/min/1.73 m? (42.85%) compared to an eGFR >60 mL/
min/1.73 m? (6.42%, p<0.001).

The median age of group 2 patients was higher than that of
group 1 patients: 69 (IQR 23) years versus 39 (IQR 23) years
(p<0.001). Patients with an eGFR <60 mL/min/1.73 m? had sig-
nificantly higher CRP, d-dimer, LDH, and fibrinogen levels and
a lower lymphocyte count (Table 1).
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Table 1. Initial laboratory findings of the groups

Group 1 Group 2 p
Number of patients 903 98
Age; years (IQR) 39 (23) 69 (23) <0.001
Gender (M/F) 454/449 53/45
WBC; x109/L 6.1 (3.0 7.4 (5.8) <0.001
Neutr ;% 63.9(17.9) 71.3(19.7) <0.001
Lymphocyte; % 26.4(16.8) 19.3 (18.0) <0.001
Platelet; x109/L 216 (75) 200 (120) <0.001
CRP 5.8(12.3) 28.7 (81.1) <0.001
Ferritin 94 (149) 225 (301) <0.001
D-dimer 0.34(0.39) 1.05 (1.45) <0.001
Fibrinojen 372(142) 500 (217) <0.001
LDH 211 309 <0.001
SGOT 23(12) 29 (19) <0.001
SGPT 20 (15) 18 (21) <0.001
Na 139 (5) 137 (6) 0.002
K 4.2 (0.5) 4.4(0.7) 0.003
c 101 (5) 101 (6) 0.054

Group 1: patients with eGFR >60 mL/min/1.73 m?; Group2: patients with eGFR 30-60
mL/min/1.73 m% IQR: Interquartile range; M: Male; F: Female; WBC: White blood

cell; Neutr: Neutrophile; CRP: C-reactive proteine; LDH: Llactate dehydrogenase; Na:
Sodium; K: Potassium, Cl: Chloride.

Table 2. Initial laboratory findings of the patients admitted to
intensive care unit compared with nonsevere patients

Non ICU ICU P
BUN 11.7 (5.3) 18.0(12.7) <0.001
Creat 0.80 (0.29) 1.03 (0.52) <0.001
GFR 103 (27) 69 (44) <0.001
Na 139 (5) 137 (7) 0.001
K 4.2 (0.5) 4.3(0.7) 0.621
c 102 (4.9) 99 (5.5) <0.001

ICU: Intensive care unit; BUN: Blood urea nitrogen; Creat: Creatinine; GFR: Glomerular
filtration rate; Na: Sodium; K: Potassium; Cl: Choride.

Ingroup 1, 6.6% of the patients were >65 years of age, whereas
in group 2, 54% of the patients were =65 years of age (p<0.01).

The blood urea nitrogen (BUN) level was higher in ICU patients
[18.0 (IQR 12.7) vs. 11.7 (IQR: 5.3); p<0.001] in ICU patients
(p<0.001) (Table 2).

There was a weak negative correlation between eGFR and ICU
admission (rho=-0.291, p<0.001) (Table 3).

In the ROC analysis, the optimal cutoff for eGFR was 78 mL/
min/1.73 m? (sensitivity, 0.602; specificity, 0.840). The area un-
der the curve (AUC) was 0.778 (95% Cl, 0.723-0.833) (Fig. 1). The
ROC curve AUCs for BUN and creatinine levels were 0.817 (95%
Cl, 0.769-0.865) and 0.728 (95% Cl, 0.666-0.790), respectively.

In the univariate linear regression analysis, eGFR was statisti-
cally significantly predicted ICU admission (r2=0.064, p<0.001).

Table 3. Spearman correlation analysis between ICU
admission and blood parameters

Laboratory findings ICU admission

rho P
GFR -0.291 <0.001
Lym -0.252 <0.001
CRP 0.299 <0.001
Ferritin 0.279 <0.001
D dimer 0.261 <0.001
LDH 0.273 <0.001

ICU: Intensive care unit; eGFR: Estimated glomerular filtration rate; Lym: Lymphocyte;
CRP: C-reactive protein; LDH: Lactate dehydrogenase.

Discussion

We found high ICU admission rates in patients with an eGFR be-
low 60 mL/min/1.73 m?. Accordingly, the eGFR can be an impor-
tant abnormal laboratory finding reflecting the severe disease
associated with a poor prognosis in COVID-19 [14]. High serum
creatinine levels on admission also increase the likelihood of
the patient being admitted to ICU [15]. The eGFR value at the
time of admission was prognostic for mortality in patients with
COVID-19, and this parameter should be considered when de-
signing treatment algorithms [16]. Liu et al. [17] reported that
baseline high BUN and creatinine levels were associated with
COVID-19 disease severity, and these patients should be moni-
tored more carefully for early intervention on admission. We also
found that serum BUN and creatinine levels of our patients who
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Figure 1. ROC curve of eGFR on admission to predict ICU.

ROC: Receiver operating characteristic curve; eGFR: Estimated glomerular filtration
rate; ICU: Intensive care unit.
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required ICU were higher than those who had a milder or moder-
ate disease. It is important to identify patients who may become
critical over time, to follow a more intense treatment protocol.

Since the beginning of the pandemic, older adults have consis-
tently been reported to be at higher risk and vulnerable to the
negative consequences of COVID-19 [18]. Typically, eGFR de-
clines with age, even in people without kidney disease. Accord-
ingly, the median age of the patient group with an eGFR <60
mL/min/1.73 m? was higher than the other COVID-19 patients.

Potentially useful blood biomarkers that support clinical de-
cisions in patients with COVID-19 have been studied in hos-
pitalized patients [19-21]. These include neutrophils, lympho-
cytes, CRP, LDH, d-dimer, ferritin, fibrinogen, and platelet, liver,
and cardiac injury markers [20-24]. In this study, all COVID-19
severity markers were significantly different in those with an
eGFR <60 mL/min/1.73 m? [19-24].

In this study, we demonstrated that patients with low eGFR
had low lymphocyte counts on admission. Lymphopenia is
the main characteristic of COVID-19 infections, which affects
CDA4T cells, CD8*T cells, and B cells, and is more pronounced
in critically ill patients [25, 26]. Previously, Winterberg et al. [27]
showed that the number of naive circulating CD4*T and CD8*T
cells is linked with serum urea and creatinine levels. This effect
on urea and creatinine is important as CD8'T cells appear to
regulate the antibody response to a COVID-19 infection. Pa-
tients with chronic kidney disease are in an immunosuppres-
sive state. Therefore, the capacity of antigen-presenting cells is
defective, naive CD4*T and CD8*T lymphocytes are depleted,
and cell-mediated immunity is impaired [28-31].

Serum sodium and chloride levels at admission were lower in
patients whose disease became more severe and who were
admitted to the ICU. Lippi's meta-analysis reported that pa-
tients who progressed to the severe form of COVID-19 were
associated with lower concentrations of sodium, potassium,
and calcium at admission and recommended that electrolytes
be measured at admission [32]. However, in the meta-analysis
by Nasiri et al. [33], sodium and potassium levels were within
normal limits in patients with COVID-19. This is because differ-
ent countries may have wide differences in age and comor-
bidities, and there may also be differences depending on the
economic and social status of their citizens.

Limitations of the study

This study has a few limitations. It was a single-center ret-
rospective study, with a limited number of patients. Other
biomarkers of the functions of kidney, such as urine protein
levels and hematuria, were not investigated due to data un-
availability. We evaluated triage factors, but treatment meth-
ods were not included. Under emergency COVID-19 triage
conditions, medical history may not be adequately collected.
Unfortunately, we did not have the medical history, body
mass index, and previous medications of the patients. Follow-
up clinical and laboratory data to classify patients as lower or
higher risk were beyond the scope of this study. Using a single

eGFR might lead to a bias creatinine fluctuation due to mea-
surement uncertainties. Our study was conducted in a leading
training hospital; therefore, we would have recruited more
serious patients. Finally, the generalizability of our results
to other countries may be limited because countries have
adopted different treatment guidelines according to local reg-
ulations and the availability of health resources.

Conclusion

The eGFR at admission is strongly correlated with the severity
of the disease. Therefore, measuring eGFR in all patients at ad-
mission may warrant appropriate triage, pointing to a higher
risk of kidney abnormalities, which may become more serious.
We recommend that eGFR be measured at the time of applica-
tion and used as an additional tool for risk classification.

Results in this study require validation with prospective studies
and randomized controlled studies in cohorts from large geo-
graphic regions. These data may assist physicians in classifying
patients who have higher and lower risks at triage assessment.

Conflict of Interest: The authors declare that there is no conflict
of interest.

Ethics Committee Approval: The study was approved by the
Bursa Yuksek lhtisas Training and Research Hospital Clinical Re-
search Ethics Committee (No: 2011-KAEK-25-2020/11-04, Date:
25/11/2020).

Financial Disclosure: No funding was received in support of this
study.

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept - Y.U,, FTE, KH., RFK, AA,
N.K, CB.G, CEG, CE, ES, Design - Y.U, FTE, KH, RFK, AA,
N.K, CB.G, CE.G, CE, ES.; Supervision - Y.U,, FTE., KH, RFK,
AA., NK, CB.G, CEG, CE, ES,; Funding - Y.U, FTE., KH., RFK,
AA, NK, CBG, CEG, CE, ES.; Materials - Y.U,, KH., RFK; Data
collection &/or processing - Y.U., FT.E.,KH, RFK,AA, NK., CB.G,
C.E.G, CE., ES.; Analysis and/or interpretation - Y.U, FTE., KH,,
R.FK. A.A, NK., CB.G. CEG, CE, ES. Literature search - Y.U,,
FTE, KH, RFK, AA, NK, CB.G, CEG, CE, ES, Writing - Y.U,,
FT.E, KH., RFK, A.A, NK, CB.G, CEG, CE., ES, Critical review —
Y.U, FTE, KH., RFK, AA, NK, CB.G, CEG,CE.,ES.

References

1. Jain U. Effect of COVID-19 on the Organs. Cureus
2020;12(8)269540. [CrossRef]

2. ZhouF,YuT,DuR, Fan G, LiuY, Liu Z, et al. Clinical course and
risk factors for mortality of adult inpatients with COVID-19
in Wuhan, China: a retrospective cohort study. Lancet
2020;395(10229):1054-62. [CrossRef]

3. Asan A, Ustundag Y, Koca N, Simsek A, Sayan HE, Parildar H,
et al. Do initial hematologic indices predict the severity of
COVID-19 patients? Turk J Med Sci 2021;51(1):39-44. [CrossRef]


https://doi.org/10.7759/cureus.9540
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.3906/sag-2007-97

48

Int J Med Biochem

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Ejaz H, Alsrhani A, Zafar A, Javed H, Junaid K, Abdalla AE, et al.
COVID-19 and comorbidities: Deleterious impact on infected
patients. J Infect Public Health 2020;13(12):1833-9. [CrossRef]
Zheng X, Chen J, Deng L, Fang Z, Chen G, Ye D, et al. Risk factors
for the COVID-19 severity and its correlation with viral shedding:
A retrospective cohort study. J Med Virol 2021;93(2):952-61.
Giacomelli A, Ridolfo AL, Milazzo L, Oreni L, Bernacchia D,
Siano M, et al. 30-day mortality in patients hospitalized with
COVID-19 during the first wave of the Italian epidemic: A
prospective cohort study. Pharmacol Res 2020;158:104931.
Tian T, Zhang J, Hu L, Jiang Y, Duan C, Li Z, et al. Risk factors
associated with mortality of COVID-19 in 3125 counties of the
United States. Infect Dis Poverty 2021;10(1):3. [CrossRef]
Al-Salameh A, Lanoix JP, Bennis Y, Andrejak C, Brochot E,
Deschasse G, et al. Characteristics and outcomes of COVID-19
in hospitalized patients with and without diabetes. Diabetes
Metab Res Rev 2021;37(3):e3388. [CrossRef]

Halacli B, Kaya A, Topeli A. Critically-ill COVID-19 patient. Turk
J Med Sci 2020;50:585-91. [CrossRef]

James MT, Quan H, Tonelli M, Manns BJ, Faris P, Laupland KB,
et al; Alberta Kidney Disease Network. CKD and risk of hos-
pitalization and death with pneumonia. Am J Kidney Dis
2009;54(1 )224—32. [CrossRef]

Suk Cw, Hsu Sc, Chen Cy, Hsieh HL, Kuo HT, Hsu YP, et al. Point
of care eGFR and the prediction of outcomes in pneumonia.
Sci Rep 2019;11;9(1):8478. [CrossRef]

Altiparmak MR, Seyahi N, Trabulus S, Yalin SF, Bolayirli M, Andi-
can ZG, et al. Applicability of a different estimation equation of
glomerular filtration rate in Turkey. Ren Fail 2013;35(8):1116-23.
Turkey Ministry of Health. Guides of COVID-19. Available at:
https://covid19bilgi.saglik.gov.tr/depo/rehberler/COVID-19_
Rehberi.pdf. Accessed Mar 1, 2021.

Uribarri A, Nunez-Gil 1), Aparisi A, Becerra-Munoz VM, Feltes G,
Trabattoni D, et al; HOPE COVID-19 Investigators. Impact of re-
nal function on admission in COVID-19 patients: an analysis of
the international HOPE COVID-19 (Health Outcome Predictive
Evaluation for COVID 19) Registry. J Nephrol 2020;33(4):737-45.
Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L. Kidney
disease is associated with in-hospital death of patients with
COVID-19. Kidney Int 2020;97(5):829-38. [CrossRef]

Trabulus S, Karaca C, Balkan I, Dincer MT, Murt A, Ozcan SG.
Kidney function on admission predicts in-hospital mortality
in COVID-19. PLoS ONE 2020;15(9):e0238680. [CrossRef]

Liu YM, Xie J, Chen MM, Zhang X, Cheng X, Li H, et al. Kidney
function indicators predict adverse outcomes of COVID-19.
Med (N Y) 2021;2(1 ):38—48. [CrossRef]

Medetalibeyoglu A, Senkal N, Kose M, Catma Y, Bilge Caparali
E, Erelel M, et al. Older adults hospitalized with Covid-19: Clin-
ical characteristics and early outcomes from a single center in
Istanbul, Turkey. J Nutr Health Aging 2020;24(9):928-37.
Ponti G, Maccaferri M, Ruini C, Tomasi A, Ozben T. Biomarkers
associated with COVID-19 disease progression. Crit Rev Clin

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Lab Sci 2020;57(6):389-99. [CrossRef]

Ustiindag Y, Kazanci EG, Sevgican E, Erdem C, Huysal K. He-
matological parameters in pregnant women with COVID-19:
A Systematic Review. J Clin Chem Lab Med 2021;4(2):1000163.
Duz ME, Balal A, Menekse E. D-dimer levels and COVID-19
severity: Systematic review and meta-analysis. Tuberk Toraks
2020;68(4):353-60. [CrossRef]

Henry BM, de Oliveira MHS, Benoit S, Plebani M, Lippi G. He-
matologic, biochemical and immune biomarker abnormali-
ties associated with severe illness and mortality in coronavirus
disease 2019 (COVID-19): a meta-analysis. Clin Chem Lab Med
2020;58:1021-8.

Lippi G, Plebani M, Henry BM. Thrombocytopenia is associ-
ated with severe coronavirus disease 2019 (COVID-19) infec-
tions: a meta-analysis. Clin Chim Acta 2020;506:145-8.

Carr E, Bendayan R, Bean D, Stammers M, Wang W, Zhang H,
et al. Evaluation and improvement of the National Early Warn-
ing Score (NEWS2) for COVID-19: a multi-hospital study. BMC
Medicine 2021;19(1):23 [CrossRef]

Tavakolpour S, Rakhshandehroo T, Wei EX, Rashidian M. Lym-
phopenia during the COVID-19 infection: What it shows and
what can be learned. Immunol Lett 2020;225:31-2. [CrossRef]
Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y. Clinical features
of patients infected with 2019 novel coronavirus in Wuhan,
China. Lancet 2020;395(10223):497-506. [CrossRef]

Winterberg PD, Ford ML. The effect of chronic kidney dis-
ease on T cell alloimmunity. Curr Opin Organ Transplant
2017;22(1):22-8. [CrossRef]

Girndt M, Sester M, Sester U, Kaul H, Kdhler H. Molecular as-
pects of T- and B-cell function in uremia. Kidney Int Suppl
2001;78:5206-11. [CrossRef]

Matsumoto Y, Shinzato T, Amano |, Takai |, Kimura Y, Morita H,
et al. Relationship between susceptibility to apoptosis and Fas
expression in peripheral blood T cells from uremic patients: a
possible mechanism for lymphopenia in chronic renal failure.
Biochem Biophys Res Commun 1995;215(1):98-105.

Moser B, Roth G, Brunner M, Lilaj T, Deicher R, Wolner E, et al.
Aberrant T cell activation and heightened apoptotic turnover
in end-stage renal failure patients: a comparative evaluation
between non-dialysis, haemodialysis, and peritoneal dialysis.
Biochem Biophys Res Commun 2003;308(3):581-5.

Leporini C, Pisano A, Russo E. Effect of pentoxifylline on renal
outcomes in chronic kidney disease patients: A systematic re-
view and meta-analysis. Pharmacol Res 2016;107:315-32.
Lippi G, South AM, Henry BM. Electrolyte imbalances in pa-
tients with severe coronavirus disease 2019 (COVID-19). Ann
Clin Biochem 2020;57(3):262-5. [CrossRef]

Nasiri N, Rahmati S, Etminan A, Sharifi H, Bazrafshan A,
Karamouzian M, Sharifi A. Kidney Complications of COVID-19:
A Systematic Review and Meta-Analysis. J Res Health Sci
2021;21 (1 )2600503. [CrossRef]


https://doi.org/10.1016/j.jiph.2020.07.014
https://doi.org/10.1186/s40249-020-00786-0
https://doi.org/10.1002/dmrr.3388
https://doi.org/10.3906/sag-2004-122
https://doi.org/10.1053/j.ajkd.2009.04.005
https://doi.org/10.1038/s41598-019-44945-2
https://doi.org/10.1016/j.kint.2020.03.005
https://doi.org/10.1371/journal.pone.0238680
https://doi.org/10.1016/j.medj.2020.09.001
https://doi.org/10.1080/10408363.2020.1770685
https://doi.org/10.5578/tt.70351
https://doi.org/10.1186/s12916-020-01893-3
https://doi.org/10.1016/j.imlet.2020.06.013
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1097/MOT.0000000000000375
https://doi.org/10.1046/j.1523-1755.59.s78.6.x
https://doi.org/10.1177/0004563220922255
https://doi.org/10.34172/jrhs.2021.39



