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There is mounting evidence supporting that patients with kidney diseases are particularly

vulnerable to coronavirus disease-2019 (COVID-19) caused by the severe acute

respiratory syndrome coronavirus-2 (SARS-CoV-2). The review was conducted to

examine the risk and complications of COVID-19 among patients with confirmed cases

of underlying kidney disease. A search of Google Scholar, PubMed and Science direct

databases to August 2020 was conducted using search terms pertaining to kidney

diseases, renal insufficiency, kidney injury, angiotensin receptors, hemodialysis, and

kidney transplant. We briefly reviewed COVID-19 in the context of kidney diseases. A

significant proportion of hospitalized patients for COVID-19 have acute kidney injury,

which further deteriorates their prognosis. COVID-19 increases morbidity and mortality

among people already diagnosed with kidney disorders and obesity due to multiple

organ injury caused by the SARS-CoV-2. This review supports the need for clinicians

to carefully manage and monitor all patients with renal disorders in order to minimize

acute kidney injuries. Although some therapeutic drugs have been suggested by some

studies, treatment should be administered cautiously not to worsen the condition

of the kidney. Further studies are required to highlight the efficient management of

patients with underlying kidney diseases, who are infected with SARS-CoV-2. With

proactive systematic screening and triaging, close monitoring and prompt management

of coexisting other infections, the COVID-19 disease burden among these patients could

be reduced.
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INTRODUCTION

In late December 2019, cases of pneumonia of unknown origin were identified in Wuhan, the
capital city of Hubei province in central China. The causative pathogen has since been identified
as a severe acute respiratory syndrome coronavirus-(2) (SARS-CoV-2) due to the phylogenetic
similarity to the previously isolated SARS-CoV (1–3).

The coronavirus disease 2019 (COVID-19) caused by SARS-CoV-2 has been declared as a
pandemic and has infected ∼21.2 million people that caused over 761,000 deaths across countries
and territories globally as at August 2020 (4, 5). These exponential numbers suggest that COVID-19
is a threat to humanity and a major public health problem (2).
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COVID-19 presents as an acute upper and lower respiratory tract
infection leading to pneumonia and also affects multiple other
tissues and organs including the kidneys (6). Some documented
common clinical signs and symptoms associated with the disease
include fever, cough, difficulty in breathing, fatigue, sore throat,
and lung infection among others (7, 8).

Co-morbidities are linked to severe and critical cases of
the COVID-19, with hypertension, diabetes mellitus, and
cardiovascular diseases being the main causes (7). Studies have
reported that patients with chronic underlying clinical conditions
face the severest risk and complications due to COVID-19 (8–
10). According to Chen et al. (7), COVID-19 can result in
multiple organ failure, thus, it increases the risk of mortality
especially among patients with chronic conditions. Most patients
at the intensive care unit (ICU) are confirmed cases, who are
reported to have co-morbidities. Recently, many studies have
examined the impact of the COVID-19 on kidney diseases and
the outcome of patients (11). Cheng et al. (12) found that 2%
of confirmed cases in a prospective study have chronic kidney
disease. Patients with a kidney transplant are also impacted alike
with SARS-CoV-2 due to their immune-suppression status (13).
Also, acute kidney injury (AKI) is reported to be a common risk
factor precipitating severity and fatality among patients (7, 8, 12,
14, 15).

This review aims to examine risk and complications of
COVID-19 among confirmed cases with underlying kidney
conditions to guide clinical practice and management decisions.

METHODOLOGY

A search was conducted on studies published from first January
to tenth June 2020 in Google Scholar, PubMed, and Science
Direct databases. Search terms such as “COVID-19,” “SARS-
CoV-2,” “SARS2,” “kidney diseases,” “renal insufficiency,” “kidney
injury,” angiotensin receptors,” “hemodialysis,” and “kidney
transplant” were used with no language restriction introduced
in the search. The reference list of each selected study was
checked to ensure that no relevant study was missed. Eligible
studies were those that described and reported on the risk,
complications, and management of COVID-19 disease among
people with underlying kidney diseases. Additionally, some
unpublished reports found online were also included. Studies
excluded from the review were those that reported on other co-
morbidities but not kidney diseases as well as duplicated studies
and news articles. A total of 260 published articles were reviewed,
but only 87 were included after a careful review.

SARS-CoV-2 INFECTION AND KIDNEY

DISEASES

The Renin-Angiotensin-Aldosterone

System (RAAS)
The RAAS plays a cardinal role in human renal and
cardiovascular physiology and pathophysiology. Briefly,
angiotensinogen released by the liver, is transformed to
angiotensin I by the action of renin. Angiotensin I is converted

to angiotensin II (AII) through removal of two C-terminal
residues by the angiotensin-converting enzyme (ACE). Besides
the well-described role of ACE, which is homologous to ACE
protease, ACE2 has also been discovered. ACE2 is mainly
located in the membrane cell, or found as circulating forms,
and it degrades AII to Ang (1–7), and therefore ACE2 acts
a functional clearance mechanism for AII. Ang (1–7) is also
an active peptide that antagonizes the actions of AII, through
a G-protein coupled receptor. Importantly, ACE2 acts as a
receptor for SARS-CoV-2 (16), and thus in the presence of
SARS-CoV2 infection, AII metabolism is attenuated, thus
leading to pulmonary vasoconstriction and inflammation.
Even though the receptor action of ACE2 located in the cell
membranes, promotes entry of the SARS-CoV-2, the circulating
soluble ACE2 enzyme, may offer a therapeutic possibility, since
it binds to the virus, decreasing its availability to the membrane
ACE2 receptors and thus minimizing cell infection (17).

Epidemiology and Clinical Manifestation of

SARS-CoV-2 in Renal Diseases
Since the emergence of COVID-19 in December 2019, it has
attained a worldwide distribution (9, 10, 18). Although most
of the early cases had a direct linkage to the seafood market
in Wuhan city (2), recent cases are a result of community or
human-to-human transmission (19, 20). According to Li et al.
(2), the average incubation period of the disease is 5.2 days (95%
Confidence Interval: 4.1–7.0).

Clinical manifestations include cough, shortness of breath,
muscle ache, confusion, headache, sore throat, rhinorrhea, and
chest pain among others (7, 8). A systematic review and meta-
analysis indicate a 1% (95% CI, 1–2%) pooled prevalence of
chronic kidney diseases with about 83.9% suffering a severe
COVID-19 that resulted in a 53% mortality rate (21). Chronic
kidney disease (CKD) is one of the common underlying diseases
among COVID-19 hospitalized patients (22).

The Mechanism of Action of SARS-CoV-2

in the Kidney
Direct cellular injury due to the virus or sepsis leading to a
cytokine storm syndrome are thought to be possible mechanisms
connected to the SARS-CoV-2 disease. Recently, some studies
show that the kidney is one of the target organs for SARS-
CoV-2. The vulnerability of patients with diagnosed kidney
conditions to SARS-CoV-2 is now known with its associated
complications (11–13, 15, 21, 23). The vulnerability of these
patients includes comorbidities of diabetes and hypertension, and
immunosuppressive therapies among others that impair their
immune system and cause their kidneys to fail (9, 11, 24).

Pathogenesis of SARS-CoV-2 and Acute

Kidney Injury and Mechanisms Underlying

Worse Outcomes
Kidney impairment has been found to occur in some COVID-19
patients. About >50 % of patients admitted at the ICU present
with acute kidney injury (AKI) characterized by elevated serum
creatinine, reduced urine output, or both as a result of multiple
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factors (25). Earlier reports revealed incidence andmortality rates
of 5–15 and 60–90%, respectively, for AKI cases (7, 12, 14).
According to Li et al. (15), a significant number out of 193
hospitalized patients presented some form of kidney malfunction
such as proteinuria (59%), hematuria (44%), elevated blood
urea nitrogen (14%), and increased levels of creatinine (10%).
Consistent with these findings by Li et al., Cheng et al. (12)
found that about 3.2% of COVID-19 patients developed AKI
at the initial stages of COVID-19 infection. Contrary to these
findings, Wang et al. (10) reported that “COVID-19 disease does
not result in AKI or aggravate Chronic Kidney Disease (CKD)
among patients.”

Another retrospective study shows that SARS-CoV-2 directly
affects the kidney tubules resulting in acute tubular damage and
cytotoxicity, and thus, acute renal failure in COVID-19 patients
especially among the aged and co-morbid (26). Additionally,
early renal injury was significantly associated with C-reactive
protein (CRP) and neutrophil ratio (NER) indicating that early
renal injury was precipitated by severe infection (27). This study
again revealed anomalies in the estimated glomerular filtration
Rate (eGFR) of 66.7%, creatinine clearance (Ccr) of 41.7%,
and elevated microalbuminuria (UACR) of 41.7%. These are all
important biomarkers that can signify kidney impairment among
severe COVID-19 patients and a poor outcome. They concluded
that these measurements aided in the early detection of renal
injury (27).

In a postmortem study on 26 patients who died from SARS-
CoV-2 in China, by using ultrastructural and immunostaining
assessment, “diffused acute proximal tubular injury with loss
of brush border and non-isometric vacuolation” was found.
This depicts a direct virulent nature of the novel virus (28).
The authors again revealed that SARS-CoV-2 has a direct effect
on the renal tubular epithelium and podocytes as associated
with proteinuria and AKI in their study by using an indirect
immunofluorescent (IF) method. This finding is in agreement
with what Larsen et al. (24) found in a case report.

Thus, several mechanisms have been described through which
SARS-CoV-2 can lead to acute and chronic kidney damage,
such as via acute tubular necrosis, interstitial inflammation,
injuries in renal vasculature and collapsing glomerulopathy.
Endothelial dysfunction is a key characteristic of CKD per se
already at an early stage (29) and endothelial damage such as
pericyte detachment, expansion of sub-endothelial space and
foam cell accumulation have been described in COVID-19 (30).
Of note, ACE2 receptors are also expressed by endothelial cells
(31), and the systemic endotheliitis in the course of COVID-
19 can occur either by direct viral infection of the endothelium
or it can be immune-mediated (32). Endothelial dysfunction
leads to vasoconstriction-induced ischemia, inflammation and
a procoagulant state. Hypoxia may also further aggravate renal
damage (33), since the kidney is a richly perfused organ, receiving
∼20% of cardiac output (34). Kidney injury may in turn further
aggravate the clinical condition of patients with COVID-19,
increasing the risk of pulmonary edema, thromboembolism and
bleeding disorders (33). Indeed Cheng and colleagues showed
that AKI during hospitalization in patients with COVID-19 lead
to higher in-hospital mortality (12). As the authors discussed,
patients with CKD who also develop COVID-19, and AKI have

an already dysfunctional innate and adaptive immune system,
which may also contribute to this worse prognosis (12).

SARS-CoV-2 Among Kidney Transplant

Patients
Viruses are the main cause of opportunistic infections post-
transplant among kidney transplant recipients leading to
increased morbidity and mortality (35). Factors including graft
rejection, immune suppression, and tissue injury increase the
chance of developing viral infection after kidney transplant
(35). In the presence of pandemic, a case report found that
kidney transplant patients present similar symptoms to what
is portrayed in the general population (36). However, other
clinical manifestations may include “hypoxia, chest crepitation,
lymphopenia and high C-reactive protein.” Also, very high
D dimer, ferritin, and troponin levels occurred among severe
COVID-19 cases (13). Contrary to this, Guillen et al. (37),
in a case report, disclosed atypical clinical symptoms such as
viral gastroenteritis and oral dehydration, which calls on all
clinicians to be aware of this vulnerable and at-risk population.
Despite the risk among this population, a case report has
documented a successful recovery of a kidney transplant patient
infected with COVID-19. The treatment regimen used was
temporary discontinuation of immunosupressants, and gradual
reinstatement, and a low-dose methlprednisolone-based therapy
(38). In agreement with this finding, another study showed
that kidney transplant recipients infected with COVID-19
disease experienced a mild infection which can be managed
based on their presenting symptoms (39). Lubetzky et al. (36)
suggest that with a proactive systematic screening and triaging,
close monitoring, and prompt management of coexisting other
infections, COVID-19 disease burden among these patients will
be minimal.

Impact of SARS-CoV-2 on Dialysis Patients
The susceptibility of end-stage kidney failure patients on dialysis
to COVID-19 disease due to their immune suppressed state is
high (8, 40, 41). Some factors contributing to this high risk
of contracting SARS-CoV-2 among hemodialysis (HD) patients
and resulting in worse outcomes are multifactorial including:
underlying comorbidities, aging, and immune suppression (41,
42). Additionally, their scheduled visits (i.e., thrice, weekly)
to hemodialysis centers expose them to the outside increasing
their risk of contracting COVID-19. It has been reported
that, in spite of the hemodialysis patients being a high risk
group, they are unlikely to progress to severe COVID-19
disease, although their immune function is impaired, and they
are therefore unable to build up cytokines storms (43). In
actuality, Huang et al. (8), have revealed that the processes
involved leading to severe COVID-19 and increased mortality
are due to an overresponse by the immune system with the
cytokine storm against SARS-CoV-2. These findings suggest
that this requires strict adherence and observation of Infection
Prevention and Control (IPC) in hemodialysis centers and
the management of hemodialytic patients using guidelines and
standard operation procedures developed by the Nephrology
Societies, Centers for Disease Control and Prevention and by
the WHO. Evidently, Naicker et al. (6) have revealed that the
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hemodialysis centers remain a high risk area for SARS-CoV-2
transmission to hemodialysis patients, the families and healthcare
workers alike.

Therapeutic Management of Renal

Disorder Patients With COVID-19
The cornerstone of successful treatment in this context is early
detection of renal abnormalities, and avoidance of nephrotoxic
agents. Further, it is essential to adhere to the recommended
treatment guidelines to manage COVID-19 patients with kidney
disorders. Drug management has aimed at targeting ACE2
in humans, which serves as a receptor for the virus (16).
However, administration of glucocorticoids prevents the strong
immune response and slows the cytokine storm especially among
hemodialysis patients (7, 16). Also, the recommended therapy
for kidney transplant recipients infected with COVID-19 is a low
dose of methylprednisolone-based therapy (38). In all instances,
the needed supportive care should be provided for patients with
multiple organ failure. Further studies are required to show the
success rate of all of these treatments.

COVID-19 AND OBESITY

Obesity is an independent risk factor for development of CKD
(44). The incidence and prevalence of obesity have reached
epidemic dimensions and it is a public health challenge that
affects high income, middle income and low income countries
(45). A recent study by Popkin et al. (46), found that there
is a 46% chance of obese people to be infected with SARS-
CoV-2. Also, they are about 113% at risk of being hospitalized,
74% chance of being admitted at the ICU and are at 48%
likely to die (47). This is because people with obesity present
with many risk factors for COVID-19 such as hypertension,
type 2 diabetes, dyslipidemia, chronic kidney or liver disease.
A greater proportion of the total body fat is made up of white
adipose tissue (WAT) which produces adipokines, metabolic
active factors which play a vital role in the pathogenesis of obesity
(48, 49). Angiotensinogen, leptin and cytokines are examples
of adipokines (50). Expression of ACE2 in the adipose tissue
is higher than in the lungs, making the adipose tissue more
susceptible to SARS-CoV-2 which directly binds with the ACE2
on cell surfaces (51, 52), suggesting that the expanded adipose
tissue in obese individuals is a potential viral reservoir, which
leads to prolonged viral clearance. In line with this, previous
reports have shown longer in-hospital stay and time for obtaining
a negative swab in obese individuals (53, 54). Interestingly, in

a study on female hypertensive patient’s serum ACE2 levels
correlated negatively with BMI (55) suggesting that decreased
circulating ACE2 levels may contribute to the worse clinical
picture in obese patients with COVID-19. Obese subjects have
worse COVID-19 outcomes, including respiratory failure and
increased mortality (52).

VITAMIN D AND SARS-CoV-2

D hypovitaminosis is a common characteristic of patients with
renal insufficiency and is associated with over activation of RAAS
(56). Previous studies have shown an independent association
between low serum concentration of 25-hydroxyl-vitamin D
and susceptibility to acute respiratory tract infections (57).
Ilie et al. reported negative correlations between the mean
Vitamin D levels in various European countries with COVID-19
cases per million of population, and with COVID-19 mortality
(58). Several clinical trials are currently investigating whether
supplementation of Vitamin D can have beneficial effects on
subjects with COVID-19.

In conclusion, this review revealed the current studies on
patients with underlying kidney diseases infected with SARS-
CoV-2. The COVID-19 increasesmorbidity andmortality among
people already with kidney disorders due to multiple organ
injury caused by the virus. There is a call on all clinicians to
carefully manage and monitor all patients with renal disorders
to minimize acute kidney injuries. Although some therapeutic
drugs have been suggested by some studies, there is a need
to tread cautiously not to worsen the condition of the kidney.
Further studies are required to bring new information about the
efficient management of patients with underlying kidney diseases
infected with SARS-CoV-2.

AUTHOR CONTRIBUTIONS

PD: conceptualization. PD and CT: methodology, investigation,
and writing—original draft. PD, ER, DM, and RB: writing—
review and editing. PD and DM: supervision and project
administration. All authors contributed to the article and
approved the submitted version.

ACKNOWLEDGMENTS

The authors thank Israel Agorsor, University of Virginia
for providing English language editing and review for
this manuscript.

REFERENCES

1. CDC. Coronavirus Disease 2019 (COVID-19) [WWWDocument]. Centers for

Disease Control and Prevention (2020). Available online at: https://www.cdc.

gov/coronavirus/2019-ncov/index.html (accessed March 23, 2020).

2. Li Q, Guan X, Wu P, Wang X, Zhou L, Tong Y, et al. Early transmission

dynamics in Wuhan, China, of novel coronavirus–infected pneumonia.

N Engl J Med. (2020) 382:1199–207. doi: 10.1056/NEJMoa2001316

3. WHO. Novel Coronavirus – China [WWW Document]. (2020). Available

online at: https://www.who.int/csr/don/12-january-2020-novel-coronavirus-

china/en/ (accessed March 23, 2020).

4. WHO. Coronavirus Disease (COVID-19) Dashboard [WWW Document].

(2020). Available online at: https://covid19.who.int/table (accessed October

16, 2020).

5. Worldometer. Coronavirus Update (Live): 3,646,099 Cases and 252,407

Deaths From COVID-19 Virus Pandemic - Worldometer [WWW Document].

Frontiers in Medicine | www.frontiersin.org 4 November 2020 | Volume 7 | Article 600144

https://www.cdc.gov/coronavirus/2019-ncov/index.html
https://www.cdc.gov/coronavirus/2019-ncov/index.html
https://doi.org/10.1056/NEJMoa2001316
https://www.who.int/csr/don/12-january-2020-novel-coronavirus-china/en/
https://www.who.int/csr/don/12-january-2020-novel-coronavirus-china/en/
https://covid19.who.int/table
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Dadson et al. Kidney, COVID-19

Worldometer (2020). Available online at: https://www.worldometers.info/

coronavirus/ (accessed May 5, 2020).

6. Naicker S, Yang C-W, Hwang S-J, Liu B-C, Chen J-H, Jha V. The novel

coronavirus 2019 epidemic and kidneys. Kidney Int. (2020) 97:824–8.

doi: 10.1016/j.kint.2020.03.001

7. Chen N, Dong X, Qu J, Gong F, Han Y, Qiu Y, et al. Epidemiological and

clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in

Wuhan, China: a descriptive study | Elsevier Enhanced Reader. Lancet Lond.

Engl. (2020) 395:507–13. doi: 10.1016/S0140-6736(20)30211-7

8. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of

patients infected with 2019 novel coronavirus in Wuhan, China. Lancet.

(2020) 395:497–506. doi: 10.1016/S0140-6736(20)30183-5

9. Guan W, Liang W, Zhao Y, Liang H, Chen, Zi-sheng, Li Y, Liu X,

et al. Comorbidity and its impact on 1590 patients with COVID-19

in China: a nationwide analysis. Eur Respir J. (2020) 55:2000547.

doi: 10.1183/13993003.00547-2020

10. Wang B, Li R, Lu Z, Huang Y. Does comorbidity increase the risk of patients

with COVID-19: evidence from meta-analysis. Aging. (2020) 12:6049–57.

doi: 10.18632/aging.103000

11. Perico L, Benigni A, Remuzzi G. Should COVID-19 concern nephrologists?

Why and to what extent? The emerging impasse of angiotensin blockade.

Nephron. (2020) 144:213–21. doi: 10.1159/000507305

12. Cheng Y, Luo R, Wang K, Zhang M, Wang Z, Dong L, et al. Kidney

impairment is associated with in-hospital death of COVID-19 patients.

medRxiv. (2020) 97:829–38. doi: 10.1101/2020.02.18.20023242

13. Banerjee D, Popoola J, Shah S, Ster IC, Quan V, Phanish M. COVID-19

infection in kidney transplant recipients. Kidney Int. (2020) 97:1076–82.

doi: 10.1016/j.kint.2020.03.018

14. Dawei W, Bo H, Chang H, Fangfang Z, Xing L, Jing Z, et al. Clinical

characteristics of 138 hospitalized patients with 2019 novel coronavirus-

infected pneumonia in Wuhan, China. JAMA. (2020) 7323:1061–9.

doi: 10.1001/jama.2020.1585

15. Li Z,WuM, Yao J, Guo J, Liao X, Song S, et al. Caution on kidney dysfunctions

of COVID-19 patients. SSRN Scholarly Paper No. ID 3559601. Rochester, NY:

Social Science Research Network (2020).

16. Gheblawi M, Wang K, Viveiros A, Nguyen Q, Zhong J-C, Tumer AJ, et al.

Angiotensin-converting enzyme 2: SARS-CoV-2 receptor and regulator of the

renin-angiotensin system celebrating the 20th anniversary of the discovery of

ACE2. Circ Res. (2020) 126:1456–74. doi: 10.1161/CIRCRESAHA.120.317015

17. Alexandre J, Cracowski J-L, Richard V, Bouhanick B, French Society of

Pharmacology and Therapeutics (SFPT). Drugs acting on renin angiotensin

system and use in ill patients with COVID-19. Therapies. (2020) 75:319–25.

doi: 10.1016/j.therap.2020.05.009

18. Jin J-M, Bai P, He W, Wu F, Liu X-F, Han D-M, et al. Gender differences in

patients with COVID-19: focus on severity andmortality. Front Public Health.

(2020) 8:152. doi: 10.3389/fpubh.2020.00152

19. Adhikari SP, Meng S, Wu Y-J, Mao Y-P, Ye R-X, Wang Q-Z, et al.

Epidemiology, causes, clinical manifestation and diagnosis, prevention

and control of coronavirus disease (COVID-19) during the early

outbreak period: a scoping review. Infect Dis Poverty. (2020) 9:29.

doi: 10.1186/s40249-020-00646-x

20. Zhou P, Yang, X.-L., Wang, X.-G., Hu B, Zhang L, Zhang W, et al.

Discovery of a novel coronavirus associated with the recent pneumonia

outbreak in humans and its potential bat origin. BioRxiv. (2020) 579:270–3.

doi: 10.1101/2020.01.22.914952

21. Oyadela T, Alqahtani J, Canciani G. Prognosis of COVID-19 in patients with

Liver and Kidney diseases: an early systemative review and meta-analysis.

Trop Med Infect Dis. (2020) 5:1–14. doi: 10.20944/preprints202004.0464.v1

22. Emami A, Javanmardi F, Pirbonyeh N, Akbari A. Prevalence of

underlying diseases in hospitalized patients with COVID-19: a systematic

review and meta-analysis. Arch Acad Emerg Med. (2020) 8:e35.

doi: 10.1371/journal.pone.0241265

23. AbbateM, Rottoli D, Gianatti A. COVID-19 attacks the kidney: ultrastructural

evidence for the presence of virus in the glomerular epithelium. Nephron.

(2020) 144:341–2. doi: 10.1159/000508430

24. Larsen CP, Bourne TD, Wilson JD, Saqqa O, Sharshir MA. Collapsing

glomerulopathy in a patient with coronavirus disease 2019 (COVID-19).

Kidney Int. Rep. (2020) 5:935–9. doi: 10.1016/j.ekir.2020.04.002

25. Ronco C, Bellomo R, Kellum JA. Acute kidney injury. Lancet. (2019)

394:1949–64. doi: 10.1016/S0140-6736(19)32563-2

26. Diao B, Wang C, Wang R, Feng Z, Tan Y, Wang H, et al. Human kidney is a

target for novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-

2) infection.medRxiv. [Preprint]. (2020). doi: 10.1101/2020.03.04.20031120

27. Hong X, Chi Z, Liu G, Huang H, Guo S, Fan J, et al. Analysis of early renal

injury in COVID-19 and diagnostic value of multi-index combined detection.

medRxiv. [Preprint]. (2020). doi: 10.1101/2020.03.07.20032599

28. Su H, Yang M, Wan C, Yi, L.-X., Tang F, Zhu, H.-Y., et al. Renal

histopathological analysis of 26 postmortem findings of patients with

COVID-19 in China | Elsevier Enhanced Reader. Kidney Int. (2020)

98:219–27. doi: 10.1016/j.kint.2020.04.003

29. Roumeliotis S, Mallamaci F, Zoccali C. Endothelial dysfunction in chronic

kidney disease, from biology to clinical outcomes: a 2020 update. J Clin Med.

(2020) 9:2359. doi: 10.3390/jcm9082359

30. Pan X, Xu D, Zhang H, Zhou W, Wang L, Cui X. Identification of a

potential mechanism of acute kidney injury during the COVID-19 outbreak: a

study based on single-cell transcriptome analysis. Intensive Care Med. (2020)

46:1114–16. doi: 10.1007/s00134-020-06026-1

31. Lovren F, Pan Y, Quan A, Teoh H, Wang G, Shukla PC, et al.

Angiotensin converting enzyme-2 confers endothelial protection and

attenuates atherosclerosis.Am J Physiol Heart Circ Physiol. (2008) 295:H1377–

84. doi: 10.1152/ajpheart.00331.2008

32. Black JRM, Bailey C, Przewrocka J, Dijkstra KK, Swanton C. COVID-19: the

case for health-care worker screening to prevent hospital transmission. Lancet

Lond Engl. (2020) 395:1418–20. doi: 10.1016/S0140-6736(20)30917-X

33. Khoshdelrad N, Zahmatkesh E, Shpichka A, Timashev P, Vosough M.

Outbreak of chronic renal failure: will this be a delayed heritage of COVID-19?

J Nephrol. (2020) 2:1–3. doi: 10.1007/s40620-020-00851-9

34. Rebelos E, Dadson P, Oikonen V, Iida H, Hannukainen JC, Iozzo P,

et al. Renal hemodynamics and fatty acid uptake: effects of obesity

and weight loss. Am J Physiol Endocrinol Metab. (2019) 317:E871–8.

doi: 10.1152/ajpendo.00135.2019

35. Cukuranovic J, Ugrenovic S, Jovanovic I, Visnjic M, Stefanovic V. Viral

infection in renal transplant recipients [WWW Document]. Sci World J.

(2012) 2012:820621. doi: 10.1100/2012/820621

36. Lubetzky M, Aull MJ, Craig-Schapiro R, Lee JR, Marku-Podvorica J, Salinas

T, et al. Kidney allograft recipients, immunosuppression, and coronavirus

disease-2019: a report of consecutive cases from a New York City transplant

center. Nephrol Dial Transplant. (2020) 35:1250–61. doi: 10.1093/ndt/gfaa154

37. Guillen E, Pineiro GJ, Revuelta I, Rodriguez D, Bodro M, Moreno A,

et al. Case report of COVID-19 in a kidney transplant recipient: does

immunosuppression alter the clinical presentation? Am J Transplant. (2020)

20:1875–8. doi: 10.1111/ajt.15874

38. Zhu L, Xu X, Ma K, Yang J, Guan H, Chen S, et al. Successful

recovery of COVID-19 pneumonia in a renal transplant recipient with

long-term immunosuppression. Am J Transplant. (2020) 20:1859–63.

doi: 10.1111/ajt.15869

39. Zhang H, Chen Y, Yuan Q, Xia Q-X, Zeng X-P, Peng J-T, et al. Identification of

kidney transplant recipients with coronavirus disease 2019. Eur Urol. (2020)

77:742–7. doi: 10.1016/j.eururo.2020.03.030

40. Khoo BZE, Pey See Y, Koh TJK, Yeo CS. Coronavirus disease 2019 (COVID-

19) and dialysis: the experience in Singapore. Kidney Med. (2020) 2:381–4.

doi: 10.1016/j.xkme.2020.05.002

41. Tang B, Li S, Xiong Y, Tian M, Yu J, Xu L, et al. Coronavirus disease

2019 (COVID-19) pneumonia in a hemodialysis patient. Kidney Med. (2020)

2:354–8. doi: 10.1016/j.xkme.2020.03.001

42. Ikizler TA. COVID-19 in dialysis patients: adding a few more pieces to the

puzzle. Kidney Int. (2020) 98:17–9. doi: 10.1016/j.kint.2020.04.032

43. Ma Y, Diao B, Lv X, Zhu J, Liang W, Liu L, et al. COVID-19 in hemodialysis

(HD) patients: report from one HD center inWuhan, China.medRxiv. (2020)

98:17–9. doi: 10.1101/2020.02.24.20027201

44. Wang Y, Chen X, Song Y, Caballero B, Cheskin LJ. Association between obesity

and kidney disease: a systematic review and meta-analysis. Kidney Int. (2008)

73:19–33. doi: 10.1038/sj.ki.5002586

45. Popkin BM, Corvalan C, Grummer-Strawn LM. Dynamics of the double

burden of malnutrition and the changing nutrition reality | Elsevier Enhanced

Reader. Lancet. (2020) 395:63–74. doi: 10.1016/S0140-6736(19)32497-3

Frontiers in Medicine | www.frontiersin.org 5 November 2020 | Volume 7 | Article 600144

https://www.worldometers.info/coronavirus/
https://www.worldometers.info/coronavirus/
https://doi.org/10.1016/j.kint.2020.03.001
https://doi.org/10.1016/S0140-6736(20)30211-7
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1183/13993003.00547-2020
https://doi.org/10.18632/aging.103000
https://doi.org/10.1159/000507305
https://doi.org/10.1101/2020.02.18.20023242
https://doi.org/10.1016/j.kint.2020.03.018
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.1161/CIRCRESAHA.120.317015
https://doi.org/10.1016/j.therap.2020.05.009
https://doi.org/10.3389/fpubh.2020.00152
https://doi.org/10.1186/s40249-020-00646-x
https://doi.org/10.1101/2020.01.22.914952
https://doi.org/10.20944/preprints202004.0464.v1
https://doi.org/10.1371/journal.pone.0241265
https://doi.org/10.1159/000508430
https://doi.org/10.1016/j.ekir.2020.04.002
https://doi.org/10.1016/S0140-6736(19)32563-2
https://doi.org/10.1101/2020.03.04.20031120
https://doi.org/10.1101/2020.03.07.20032599
https://doi.org/10.1016/j.kint.2020.04.003
https://doi.org/10.3390/jcm9082359
https://doi.org/10.1007/s00134-020-06026-1
https://doi.org/10.1152/ajpheart.00331.2008
https://doi.org/10.1016/S0140-6736(20)30917-X
https://doi.org/10.1007/s40620-020-00851-9
https://doi.org/10.1152/ajpendo.00135.2019
https://doi.org/10.1100/2012/820621
https://doi.org/10.1093/ndt/gfaa154
https://doi.org/10.1111/ajt.15874
https://doi.org/10.1111/ajt.15869
https://doi.org/10.1016/j.eururo.2020.03.030
https://doi.org/10.1016/j.xkme.2020.05.002
https://doi.org/10.1016/j.xkme.2020.03.001
https://doi.org/10.1016/j.kint.2020.04.032
https://doi.org/10.1101/2020.02.24.20027201
https://doi.org/10.1038/sj.ki.5002586
https://doi.org/10.1016/S0140-6736(19)32497-3
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Dadson et al. Kidney, COVID-19

46. Popkin BM, Du S, Green WD, Beck MA, Algaith T, Herbst CH, et

al. Individuals with obesity and COVID-19: A global perspective on the

epidemiology and biological relationships. Obes Rev. (2020) 21:e13128.

doi: 10.1111/obr.13128

47. Kwok S, Adam S, Ho JH, Iqbal Z, Turkington P, Razvi S, et al. Obesity: a

critical risk factor in the COVID-19 pandemic. Clin Obes. (2020) 28:e12403.

doi: 10.1111/cob.12403

48. Akingbemi BT. Adiponectin receptors in energy homeostasis and

obesity pathogenesis. Prog Mol Biol Transl Sci. (2013) 114:317–42.

doi: 10.1016/B978-0-12-386933-3.00009-1

49. Neeland IJ, Poirier P, Després J-P. Cardiovascular andmetabolic heterogeneity

of obesity: clinical challenges and implications for management.

Circulation. (2018) 27:1391–406. doi: 10.1161/CIRCULATIONAHA.117.

029617

50. Lakkis JI, Weir MR. Obesity and kidney disease. Prog

Cardiovasc Dis. (2018) 61:157–67. doi: 10.1016/j.pcad.2018.

07.005

51. Lavie CJ, Sanchis-Gomar F, Henry BM, Lippi G. COVID-19 and

obesity: links and risks. Expert Rev Endocrinol Metab. (2020) 15:215–6.

doi: 10.1080/17446651.2020.1767589

52. Sanchis-Gomar F, Lavie CJ, Mehra MR, Henry BM, Lippi G. Obesity

and outcomes in COVID-19: when an epidemic and pandemic collide.

Mayo Clin Proc. (2020) 95:1445–53. doi: 10.1016/j.mayocp.2020.

05.006

53. Moriconi D, Masi S, Rebelos E, Virdis A, Manca ML, De Marco S, et al.

Obesity prolongs the hospital stay in patients affected by COVID-19, and

may impact on SARS-COV-2 shedding. Obes Res Clin Pract. (2020) 14:205–9.

doi: 10.1016/j.orcp.2020.05.009

54. Rebelos E, Moriconi D, Virdis A, Taddei S, Foschi D, Nannipieri M. Letter

to the editor: importance of metabolic health in the era of COVID-19. PMC.

(2020) 108:154247. doi: 10.1016/j.metabol.2020.154247

55. Zhang Q, Cong M, Wang N, Li X, Zhang H, Zhang K, et al. Association of

angiotensin-converting enzyme 2 gene polymorphism and enzymatic activity

with essential hypertension in different gender: a case-control study.Medicine.

(2018) 97:e12917. doi: 10.1097/MD.0000000000012917

56. Santoro D, Caccamo D, Lucisano S, Buemi M, Sebekova K, Teta D, et al.

Interplay of vitamin D, erythropoiesis, and the renin-angiotensin system.

BioMed Res Int. (2015) 2015:e145828. doi: 10.1155/2015/145828

57. Cannell JJ, Vieth R, Umhau JC, Holick MF, Grant WB, Madronich S, et al.

Epidemic influenza and vitamin D. Epidemiol Infect. (2006) 134:1129–40.

doi: 10.1017/S0950268806007175

58. Ilie PC, Stefanescu S, Smith L. The role of vitamin D in the prevention of

coronavirus disease 2019 infection and mortality | SpringerLink. Springer Nat.

(2020) 32:1195–8. doi: 10.1007/s40520-020-01570-8

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Dadson, Tetteh, Rebelos, Badeau and Moczulski. This is an open-

access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Medicine | www.frontiersin.org 6 November 2020 | Volume 7 | Article 600144

https://doi.org/10.1111/obr.13128
https://doi.org/10.1111/cob.12403
https://doi.org/10.1016/B978-0-12-386933-3.00009-1
https://doi.org/10.1161/CIRCULATIONAHA.117.029617
https://doi.org/10.1016/j.pcad.2018.07.005
https://doi.org/10.1080/17446651.2020.1767589
https://doi.org/10.1016/j.mayocp.2020.05.006
https://doi.org/10.1016/j.orcp.2020.05.009
https://doi.org/10.1016/j.metabol.2020.154247
https://doi.org/10.1097/MD.0000000000012917
https://doi.org/10.1155/2015/145828
https://doi.org/10.1017/S0950268806007175
https://doi.org/10.1007/s40520-020-01570-8
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	Underlying Kidney Diseases and Complications for COVID-19: A Review
	Introduction
	Methodology
	SARS-CoV-2 Infection and Kidney Diseases
	The Renin-Angiotensin-Aldosterone System (RAAS)
	Epidemiology and Clinical Manifestation of SARS-CoV-2 in Renal Diseases
	The Mechanism of Action of SARS-CoV-2 in the Kidney
	Pathogenesis of SARS-CoV-2 and Acute Kidney Injury and Mechanisms Underlying Worse Outcomes
	SARS-CoV-2 Among Kidney Transplant Patients
	Impact of SARS-CoV-2 on Dialysis Patients
	Therapeutic Management of Renal Disorder Patients With COVID-19

	COVID-19 and Obesity
	Vitamin d and SARS-CoV-2
	Author Contributions
	Acknowledgments
	References


