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Abbreviations
ACE-2  Angiotensin-converting enzyme 2
AKI  Acute kidney injury
CRF  Chronic renal failure
ESRD  End-stage renal disease
RRT   Renal replacement therapy
SARS-CoV-2  Severe acute respiratory syndrome corona-

virus 2

Outbreaks of newly emerging infectious diseases have 
always threatened human health and global stability. The 
novel severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is currently causing a global pandemic of a 
disease now named COVID-19. While the common symp-
toms are influenza-like, SARS-CoV-2 infection may lead to 
multiorgan dysfunction and death; fragile patients have, as 
in other viral diseases, a higher risk of adverse events. To 
date, there is no agreed treatment for COVID-19 and a wide 
range of treatments has been proposed, including antiviral 

drugs, immunotherapy, convalescent serum and monoclonal 
antibodies, cell-based therapies, and Chinese medicine [1].

The metallopeptidase angiotensin-converting enzyme 2 
(ACE-2) is the functional receptor for SARS-CoV-2. It is 
present in various human organs such as heart, blood vessels, 
kidney, and gastrointestinal tract [2]. The kidneys are among 
the most common target organs of SARS-CoV-2. Several 
studies showed that renal deterioration is associated with 5.3 
times in-hospital mortality risk in COVID-19 patients [3]. 
Computerized tomography (CT) scan of the kidneys showed 
that COVID-19 patients had renal interstitial inflammation 
and edema [3]. A broad range of clinical manifestations has 
been reported, including proteinuria (44–63%), hematuria 
(26.9–44%), urea (14.1–27%) and serum creatinine increase 
(10–19%). Moreover, up to 30% of hospitalized SARS-CoV-
2-infected patients developed acute kidney injury (AKI). As 
expected, pre-existing chronic kidney disease (CKD) was 
associated with a six-fold increased risk of AKI and severe 
COVID-19 infection [4]. Kidney involvement may in turn 
increase the risk of pulmonary edema, cardiopulmonary syn-
drome, circulatory insufficiency, and thromboembolic and 
hemorrhagic risks.

The pathogenesis of kidney involvement in COVID-19 
patients is not fully understood but available data suggests 
that renal dysfunction may be multi-factorial: direct virus 
cytotoxicity, cytokine storm syndrome, thrombotic micro-
angiopathy, and systemic hemodynamic changes seem to be 
the most important contributing factors (Fig. 1).

The SARS-CoV-2 has broad organotropism. Viral cop-
ies were found in different tissues including kidneys, liver, 
heart, brain, and blood. The SARS-CoV-2 virus enters into 
the cells through the viral structural spike (S) protein that 
binds to the ACE-2 receptors, which are broadly expressed 
in the podocytes, and mainly in proximal tubular cells. Fol-
lowing receptor binding onto renal cells, the fusion of the 
viral envelope with cellular membranes is mediated by a 
specific serine protease named TMPRSS2 (transmembrane 
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serine proteinase 2) co-expressed with ACE-2 in the renal 
cells [5]. These events are associated with foot process 
defacement, detachment of podocytes from the glomeru-
lar basement membrane, and collapsing glomerulopathy. 
In addition, loss of brush border, vacuolar degeneration, 
lumen dilation, disruption of mitochondria and necrosis 
in tubular proximal cells have been reported [6]. Further-
more, scattered macrophage and lymphocytic infiltrates in 
some areas such as the sub-capsular space of kidney tissues, 
and edematous expansion of the interstitial space in both 
distal tubules and collecting duct segments were reported 
in the context of cytokine storm [6]. Considering that the 
kidneys receive approximately 25% of the cardiac output, 
hypoxia may further contribute to the kidney damage. Evi-
dence of endothelial injury such as pericyte detachment, 
sub-endothelial space expansion, endothelial proliferation 
without deposits, and foam cell accumulation, (endothelial 
damages and thrombosis) were also reported [6].

Observational studies, performed in contexts other than 
COVID-19, examining patients with AKI from different 
causes, found that a relevant number of survivors developed 
chronic renal failure (CRF) during medium-term follow-up 

periods (1–5 years after hospitalization) [7]. The risk of 
CKD is associated with the severity of AKI and with the 
diagnosis of acute tubular necrosis [8]. Potential pathophysi-
ological mechanisms include incomplete recovery, continu-
ous interstitial inflammation, loss of regenerative potential 
of renal vascular cells, and hypertension.

Emerging data indicate infection by SARS-CoV-2 leads 
to acute and chronic kidney tissue damage via acute tubular 
necrosis, interstitial inflammation, renal vasculature injuries, 
and collapsing glomerulopathy [6]. Furthermore, the sever-
ity of COVID-19 is associated with risk of AKI and need 
for dialysis [9].

It is therefore conceivable that patients who survive 
COVID-19-related AKI are at increased risk of develop-
ing progressive CKD after recovery from the viral infection. 
The high cost of renal replacement therapy and the lack of 
uniform availability of dialysis facilities, make this possibil-
ity very scary due to the widespread difficulty in increasing 
the health-care budgets for the treatment of kidney diseases.

With this editorial we would like to stress that it is of 
fundamental importance that clinicians pay attention to the 
evaluation of renal function among COVID-19 survivors, 

Fig. 1  Kidney injuries in COVID-19 patients. The SARS-CoV-2 
virus enters into the renal cells through binding to the ACE-2 recep-
tors. SARS-CoV-2 infection contributes to acute injuries including 
loss of brush border, lumen dilation, disruption of mitochondria, and 
necrosis in tubular proximal cells. Moreover, COVID-19 is related 
to the detachment of perivascular pericytes, sub-endothelial space 

expansion, erythrocyte aggregation, and blood clot formation in the 
intra-renal vasculature. Incomplete recovery from AKI, continuous 
interstitial inflammation, the loss of the regenerative potential of renal 
vascular cells, and hypertension are often related to the increased risk 
of CRF progression and dialysis during the long-term periods after 
hospitalization



5Journal of Nephrology (2021) 34:3–5 

1 3

even among those with apparent recovery, to reduce chronic 
kidney impairment and avoid progression to end-stage renal 
disease (ESRD). Follow-up with a nephrologist and the iden-
tification of pathological conditions associated with the out-
comes is fundamental to understanding the natural history 
of the disease and to improve the outcome in these patients 
population, and may also represent a cost effective strategy 
for controlling the global expenditure for advanced CKD and 
renal replacement therapy (RRT).
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