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Renal involvement in patients with COVID-19
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Individuals who are infected with the severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) and develop
coronavirus disease 2019 (COVID-19) are also at risk of
developing acute kidney injury (AKI) (1), although the exact
incidence of AKI in the context of COVID-19 is unknown.
A recently published study evaluated >1,000 COVID-19
cases in China and found that the prevalence of AKI among
those patients was 1.6% (2). Another study conducted at a
teaching hospital in the Chinese city of Wuhan assessed
701 patients with COVID-19 and reported that the overall
prevalence of COVID-19-induced AKI was 3.2% (3). Another
interesting nephrological finding was that, at admission,
43.9% of the patients had proteinuria and 26.7% had hema-
turia. The authors also found that the risk of in-hospital
death was significantly higher in patients with kidney disease
than in those without such disease.

In a single-center retrospective study conducted in China,
data from 333 hospitalized patients with COVID-19 pneu-
monia showed that 75.4% had abnormal urine dipstick test
results or AKI (4). The authors found that overall mortality
was higher among patients with renal involvement than
among those with no renal involvement (11.2% vs. 1.2%).
Another single-center retrospective study conducted in China
showed that AKI occurred in 15 (29%) of the 52 evaluated
critically ill adult patients (5). In a multicenter study,
Zhou et al. evaluated 191 adult inpatients with COVID-19
and reported that 28 (15%) had AKI (6). The Italian National
Institute of Health reported that within a population of
2,000 patients infected with SARS-CoV-2, the prevalence of
AKI was 27.8% (7). In a large cohort of COVID-19 subjects
(over 2,000 patients) in New York, 22.2% had AKI and 3.2%
required kidney replacement therapy (8).

The mechanisms underlying kidney injury in patients
infected with coronaviruses have been studied since the
SARS-CoV epidemic. In a study conducted in Hong Kong in
2003, seven patients with SARS who developed AKI and
later died underwent postmortem histopathological analysis;
significant acute tubular necrosis was found in all cases
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but no viral particles were found in the renal tissue (9).
The authors concluded that the mechanism of AKI in
patients is probably multifactorial, including antibiotic
interstitial nephritis, acute tubular necrosis due to ischemia,
and sepsis due to secondary infections. It is important to note
that the study did not exclude the possibility of direct renal
injury by coronavirus. The results could have been influ-
enced by the use of polymerase chain reaction to detect viral
particles in the urine of the patients and by the fact that the
ultrastructural analysis was impaired by the autolysis of
renal parenchyma cells.

In another study conducted in Wuhan, Diao et al
performed histological and immunohistochemical analyses
to identify the SARS-CoV-2 nucleocapsid antigen, markers of
cellular immunity, and complements in renal tissues col-
lected postmortem from six patients diagnosed with COVID-
19 and AKI and with unfavorable outcomes (10).

In addition to the extensive acute tubular necrosis pre-
viously observed in patients with SARS-CoV infection, the
authors identified the accumulation of the nucleocapsid pro-
tein antigen in the tubules, infiltration of CD68+ macro-
phages, and deposition of C5b-9, indicating that the virus is
capable of infecting renal tubular cells, causing direct and
indirect injury through the activity of macrophages and the
complement system. In an autopsy study of a patient with
COVID-19 and AKI, Farkash et al. identified intracellular
viral arrays in the proximal tubular epithelial cells on elec-
tron microscopy, findings that are consistent with direct
infection of the kidney with SARS-CoV-2 (11). Su et al. also
identified coronavirus-like particles with distinctive spikes in
the cytoplasm of the proximal and distal tubular epithelium
as well as in the podocytes (12).

The mechanism underlying AKI in COVID-19 includes a
maladaptive response of the immune system that induces a
cytokine storm and could be responsible for the systemic
inflammatory response syndrome-induced AKI (13). Patients
with COVID-19 in the intensive care unit (ICU) occasionally
require mechanical ventilation, vasopressor drugs, and neph-
rotoxic drugs, all of which can aggravate AKI.

It is well known that COVID-19 can induce thrombotic
events. In the postmortem histopathological analysis of kidney
tissue in patients who died from COVID-19, Su et al. observed
erythrocyte aggregates obstructing peritubular capillaries and
segmental fibrin thrombi in the glomeruli (12).

Rhabdomyolysis is a common finding in COVID-19.
It can lead to elevated serum creatinine phosphokinase
levels (more than five times the upper limit of normal) and
could be another important factor for the development of
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AKI (4,14). Furthermore, hemosiderin granules have been
observed in the lumina of tubular cells in patients with
COVID-19 (12).

Angiotensin-converting enzyme 2 (ACE 2) and members
of the serine protease family, which are essential for a virus to
bind to the host cells, are highly expressed in podocytes and
tubular epithelial cells. Therefore, COVID-19 can also cause
hematuria and proteinuria, further supporting the idea that
the SARS-CoV-2 shows tropism in the kidney (12,15). ACE 2
receptors have been found to play an important role in the
development of severe acute respiratory SARS-CoV-2, and
thus concerns about the use of renin angiotensin system
(RAS) blockers for COVID-19 patients have been raised.
Two important studies in Milan and New York showed
no evidence of increased risk of severe COVID-19 with the
use of RAS blockers (16,17). An experimental study also
demonstrated that RAS blockers did not result in an increase
in ACE 2 levels in kidney and lung epithelia (18).

There is currently no specific treatment for infection with
SARS-CoV-2. Although various drugs are being investigated
in clinical trials, the management of COVID-19 continues to
be mainly supportive, and a significant number of patients
require ICU admission (15).

For patients with COVID-19-induced AKI, renal replace-
ment therapy might be necessary (19). Among ICU patients
with COVID-19-induced AKI in Seattle, Washington, 5%
required dialysis, typically 2 weeks after the onset of symp-
toms (20). In a recent meta-analysis of three studies evaluating
ICU patients with COVID-19-induced AKI, the proportion of
patients requiring renal replacement therapy ranged from
5.6% to 23.1%, with a pooled incidence of 13% (21).

There is still insufficient scientific evidence to support the
superiority of one method of dialysis over any other (13).
We recommend selecting the type of dialysis according to
the severity of the disease, considering the availability of
resources and experts in the health care facility in question.
In the months of May and June 2020, we performed 704 and
1,235 hemodialysis sessions, respectively, for ICU patients at
our facility. Approximately 27% of the sessions have been of
the continuous venovenous type (hemodialysis, hemodiafil-
tration, or hemofiltration).

The choice between continuous and intermittent dialysis
depends on the traditional indications (hemodynamic stabi-
lity, cerebral edema, or the need to remove fluid overload).

We are still learning about renal abnormalities in COVID-
19 patients. We hope that we will soon be able identify the
best treatment and develop an effective vaccine for this
devastating disease.

B AUTHOR CONTRIBUTIONS

Arantes MF was responsible for the editorial idea and conception,
manuscript drafting and final approval of the version to be published.
Rodrigues CE, Seabra VF, Seabra VF, Reichert BV, Sales GTM,
Smolentzov I and Cabrera CPS were responsible for critical review of
the manuscript, intellectual content, and final approval of the version to be
published. Andrade L was responsible for mentoring, critical review, and
final approval of the version to be published.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

CLINICS 2020;75:€2194

REFERENCES

. Berlin DA, Gulick RM, Martinez FJ. Severe Covid-19. N Engl ] Med. 2020.

https:/ /doi.org/10.1056 /NEJMcp2009575

. Guan WJ, Ni ZY, Hu Y, Liang WH, Ou CQ, He JX, et al. Clinical Char-

acteristics of Coronavirus Disease 2019 in China. N Engl ] Med. 2020;
382(18):1708-20. https:/ /doi.org/10.1056 /NEJMo0a2002032

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

disease is associated with in-hospital death of patients with COVID-19.
Kidney Int. 2020;97(5):829-38. https:/ /doi.org/10.1016/j.kint.2020.03.005

. Pei G, Zhang Z, Peng ], Liu L, Zhang C, Yu C, et al. Renal Involvement

and Early Prognosis in Patients with COVID-19 Pneumonia. ] Am
Soc Nephrol. 2020;31(6):1157-65. https://doi.org/10.1681/ ASN.20200
30276

. Yang X, YuY, XuJ, Shu H, Xia J, Liu H, et al. Clinical course and outcomes

of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China:
a single-centered, retrospective, observational study. Lancet Respir Med.
2020,8(5):475-81. https:/ /doi.org/10.1016/52213-2600(20)30079-5

. Zhou F, Yu T, Du R, Fan G, Liu Y, 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):1038. https:/ /doi.
org/10.1016/50140-6736(20)30566-3

. Fanelli V, Fiorentino M, Cantaluppi V, Gesualdo L, Stallone G, Ronco C,

et al. Acute kidney injury in SARS-CoV-2 infected patients. Critcare.
2020,24(1):155. https:/ /doi.org/10.1186/513054-020-02872-z

. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T,

Davidson KW, et al. Presenting Characteristics, Comorbidities, and
Outcomes Among 5700 Patients Hospitalized With COVID-19 in the
New York City Area. JAMA. 2020;323(20):2052-9. https://doi.org/
10.1001/jama.2020.6775

. Chu KH, Tsang WK, Tang CS, Lam MF, Lai FM, To KE, et al. Acute renal

impairment in coronavirus-associated severe acute respiratory syndrome.
Kidney Int. 2005;67(2):698-705. https:/ /doi.org/10.1111/§.1523-1755.2005.
67130.x

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. 2020. https://doi.org/10.1101/2020.03.
04.20031120

Farkash EA, Wilson AM, Jentzen JM. Ultrastructural Evidence for Direct
Renal Infection with SARS-CoV-2. ] Am Soc Nephrol. 2020; 31(10):2494.
https://doi.org/10.1681/ ASN.2020081117

Su H, Yang M, Wan C, Yi LX, Tang F, Zhu HY, et al. Renal histopatho-
logical analysis of 26 postmortem findings of patients with COVID-19 in
China. Kidney Int. 2020;98(1):219-27. https:/ /doi.org/10.1016/j.kint.2020.
04.003

Ronco C, Reis T, De Rosa S. Coronavirus Epidemic and Extracorporeal
Therapies in Intensive Care: si vis pacem para bellum. Blood purif.
2020;49(3):255-8. https:/ /doi.org/10.1159/000507039

Jin M, Tong Q. Rhabdomyolysis as Potential Late Complication Asso-
ciated with COVID-19. Emerg Infect Dis. 2020;26(7):1618-20. https:/ /doi.
org/10.3201/eid2607.200445

Puelles VG, Liitgehetmann M, Lindenmeyer MT, Sperhake JP, Wong MN,
Allweiss L, et al. Multiorgan and Renal Tropism of SARS-CoV-2. N Engl J
Med. 2020; 383(6):590-2. https://doi.org/10.1056 /NEJMc2011400
Mancia G, Rea F, Ludergnani M, Apolone G, Corrao G. Renin-Angio-
tensin-Aldosterone System Blockers and the Risk of Covid-19. N Engl J
Med. 2020;382(25):2431-40. https:/ /doi.org/10.1056 /NEJMo0a2006923
Reynolds HR, Adhikari S, Pulgarin C, Troxel AB, Iturrate E, Johnson SB,
et al. Renin-Angiotensin-Aldosterone System Inhibitors and Risk of
Covid-19. N Engl J Med. 2020;382(25):2441-8. https://doi.org/10.1056/
NEJMo0a2008975

Wysocki J, Lores E, Ye M, Soler MJ, Batlle D. Kidney and Lung ACE2
Expression after an ACE Inhibitor or an Ang II Receptor Blocker: Impli-
cations for COVID-19. ] Am Soc Nephrol. 2020;31(9):1941-3. https:/ /doi.
org/10.1681/ASN.2020050667

Batlle D, Soler MJ, Sparks MA, Hiremath S, South AM, Welling PA, et al.
Acute Kidney Injury in COVID-19: Emerging Evidence of a Distinct
Pathophysiology. ] Am Soc Nephrol. 2020;31(7):1380-3. https://doi.org/
10.1681/ ASN.2020040419

Durvasula R, Wellington T, McNamara E, Watnick S. COVID-19 and
Kidney Failure in the Acute Care Setting: Our Experience From Seattle.
Am ] Kidney Dis. 2020;76(1):4-6. https:/ /doi.org/10.1053/j.ajkd.2020.04.
001

Ng JJ, Luo Y, Phua K, Choong AMTL. Acute kidney injury in hospitalized
patients with coronavirus disease 2019 (COVID-19): A meta-analysis.
J Infect. 2020; 81(4):647-79. https:/ /doi.org/10.1016/j.jinf.2020.05.009


https://doi.org/10.1056/NEJMcp2009575
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1016/j.kint.2020.03.005
https://doi.org/10.1681/ASN.2020030276
https://doi.org/10.1681/ASN.2020030276
https://doi.org/10.1016/S2213-2600(20)30079-5
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1186/s13054-020-02872-z
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1111/j.1523-1755.2005.67130.x
https://doi.org/10.1111/j.1523-1755.2005.67130.x
https://doi.org/10.1101/2020.03.04.20031120
https://doi.org/10.1101/2020.03.04.20031120
https://doi.org/10.1681/ASN.2020081117
https://doi.org/10.1016/j.kint.2020.04.003
https://doi.org/10.1016/j.kint.2020.04.003
https://doi.org/10.1159/000507039
https://doi.org/10.3201/eid2607.200445
https://doi.org/10.3201/eid2607.200445
https://doi.org/10.1056/NEJMc2011400
https://doi.org/10.1056/NEJMoa2006923
https://doi.org/10.1056/NEJMoa2008975
https://doi.org/10.1056/NEJMoa2008975
https://doi.org/10.1681/ASN.2020050667
https://doi.org/10.1681/ASN.2020050667
https://doi.org/10.1681/ASN.2020040419
https://doi.org/10.1681/ASN.2020040419
https://doi.org/10.1053/j.ajkd.2020.04.001
https://doi.org/10.1053/j.ajkd.2020.04.001
https://doi.org/10.1016/j.jinf.2020.05.009

	Renal involvement in patients with COVID-19
	AUTHOR CONTRIBUTIONS
	REFERENCES


