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Viewpoint

COVID-19 and the Kidneys: Risk, Damage and Sequelae

Raul Herrera-Valdés MD MS PhD DSc, Miguel Almaguer-Lopez MD MS, Laura Lopez-Marin MD MS, Raymed Bacallao-Méndez MD MS,

Jorge F. Pérez-Oliva MD MS PhD, Guillermo Guerra-Bustillo MD MS

At first, COVID-19 was thought to be primarily a respiratory dis-
ease, progressing in some patients to serious respiratory symp-
toms, pneumonia, severe respiratory distress syndrome and even
death. Later analysis revealed entire systems were compromised,
affecting other vital organs, including the kidneys, and a correla-
tion was observed between chronic kidney disease (CKD) and
COVID-19 severity.[1,2]

This correlation can be broken down into three underlying cir-
cumstances: 1) CKD as a risk factor for infection, particularly in
patients with end-stage renal disease (ESRD) who are either in
dialysis or have received a transplant; 2) persons in the active
stages of SARS-CoV-2 infection whose healthy kidneys develop
lesions, including acute kidney injury (AKI); and 3) the possibility
of medium- and long-term renal sequelae.

Conditions such as hypertension, cardiovascular disease, dia-
betes, advanced age, chronic obstructive pulmonary disease,
obesity and CKD are associated with greater risk of COVID-19
and more severe infection. All these factors are often present in
persons with CKD: for starters, diabetes and hypertension are
the main drivers of CKD, and then the rest of the conditions are
habitual comorbidities. Convergence of these factors not only
increases risk, but their synergy facilitates chronic inflammation
and the ensuing cytokine buildup. In advanced CKD, other comor-
bidities crop up, such as anemia, malnutrition, vitamin D deficien-
cy, immunodepression and the effects of immunosuppressors that
accompany autoimmune diseases or renal transplant therapies.

In 2019, 4.37 million patients were receiving renal replacement
therapies (RRT) worldwide. For hemodialysis patients, this
implies the challenge of guaranteeing their frequent transporta-
tion to closed facilities with specialized personnel and equipment.
For those with COVID-19, it has also meant setting aside dialysis
units, patient circuit kits, medicines and staff to be deployed in iso-
lation areas, given the attendant high risk to other RRT patients.
Additionally, as health systems become saturated with the pan-
demic, transplants are postponed with few exceptions (such as
combined organ transplants, emergency life-and-death situa-
tions, or when there is an optimal kidney available for a patient
with few other options).[3]

Kidney damage is frequent during the active stage of COVID-19.
A meta-analysis in China involving 4375 patients revealed high
relative rates of proteinuria (42.0%), hematuria (30.3%) and AKI
(7.7%), as well as elevated creatinine (6.6%) and urea (6.2%).
[4] Also in China, higher mortality was reported for COVID-19
patients with renal damage (11.2%; 28/251) than for those
without (1.2%; 1/82).[5] A prospective study of 1603 patients in
Spain obtained similar results.[6] A US study of 5449 COVID-19
patients revealed hematuria and proteinuria in 46%, AKl in 37%,
and dialysis required for 15%.[7] Over 40% of ICU patients
required RRT.

In China, post-mortem studies confirmed lesions in the proximal
tubules of the kidneys: loss of the brush border, vacuolar degen-

eration, lumen dilation with associated buildup of cellular debris,
denudation of the epithelium, erythrocyte aggregation, severe
acute tubular necrosis, and interstitial lymphocyte infiltration.
Additionally, they observed obstruction of the glomular and peri-
tubular capillaries, and thrombi composed of aggregated plate-
lets and fibrin.[8] Immunohistochemical analysis of the tubules
showed an increase in the receptor for angiotensin converting
enzyme 2 (ACE2) as well as antibodies against the nucleopro-
tein of SARS-CoV-2. Viral invasion was also detected elsewhere
in kidney tissue. Electron microscopy and tests with anti-SARS-
CoV-2 antibodies show the direct cytopathic effects of viral repli-
cation in kidney tubular cells and in podocytes.[9]

Symptomatic COVID-19 patients exhibit a cytokine buildup and
decreased T lymphocytes. The most severe cases present with a
‘cytokine storm’—interleukin-6, IL-6; interleukin-2 receptor, IL-2R;
interleukin-10, IL-10; and tumor necrosis factor alpha, TNF-o—as
well as decreased interferon gamma (IFN-y), which are associ-
ated with lung damage and respiratory distress. All these are con-
ducive to kidney injury and imply a poor prognosis.[10]

The marked expression of ACE2 receptors in podocytes and
proximal tubules suggests that the kidney may be an important
target organ for SARS-CoV-2, because the virus invades cells
by binding to such ACE2 receptors, subsequently inducing a
decrease in the ACE2 enzyme. ACE2 belongs to the renin-
angiotensin-aldosterone system (RAAS). Angiotensin Il (Ang II)
is one of the main mediators of damage in kidney diseases, and
the activation of RAAS has a strong influence on kidney disease
progression. This system maintains a functional balance between
ACE and ACEZ2; the first promoting the formation of Ang Il, with
vasoconstrictive, mitotic, inflammatory and fibrotic effects.

The main function of ACE2 is catabolism of Ang Il to produce
angiotensin 1-7. Angiotensin 1-7 reduces vasoconstriction, salt
retention, oxidative stress and cell proliferation as a consequence
of increased nitrous oxide and prostaglandins. The decrease
in ACE2 promotes accumulation of Ang Il by reducing its deg-
radation to angiotensin 1-7, resulting in an imbalance of RAAS
components with accumulation of Ang Il. Decreased ACE2 and
increased ACE indicate response to kidney damage progression.
[11,12]

In terms of COVID-19 pathophysiology, WHO and PAHO have
confirmed that the disease generates an inflammatory response
that primarily affects the lungs, provoking sequelae in the cardio-
vascular, central nervous and peripheral nervous systems, as
well as psychiatric and psychological sequelae.[13] Nevertheless,
they have not mentioned renal sequelae.

Here, we return to the ACE2 receptor, since it plays a role in the
mechanism by which SARS-CoV-2 damages the respiratory tract
as its primary target, possibly propagating via the bloodstream to
damage cells of other organs. Kidneys are the body’s most vas-
cularized organs, with 180 liters of blood circulating through them
daily, and are one of the organs with greater ACE2 content, along
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with the small intestine, testicles and heart. Thus, they are at high
risk when it comes to COVID-19.[14]

In addition to the virus’s cytopathic effects, a number of other
factors can contribute to renal lesions, including hemodynamic
changes, cytokine liberation, coagulatory disorders, sepsis, sys-
temic hypoxia, drug-related toxicity and rhabdomyelosysis.[15]

Medium- and long-term COVID-19 impact on the kidneys is
unclear, as is whether surviving patients with AKI can recover full
renal function. What is clear is that the kidneys are involved in
COVID-19 infection and AKI is an independent predictor of mor-
tality.[16]

It is probable that kidney lesions acquired during the disease’s
active remain as sequelae that may result in a slow and asymp-

tomatic progression towards advanced stages and CKD. Thus,
patients who have recovered from COVID-19 who presented pro-
teinuria, hematuria, elevated creatinine and AKI should be moni-
tored for CKD.

By 2017, over 850 million people were estimated to suffer from
various stages of CKD and ARD worldwide, twice the number of
diabetics and 20 times more than those with HIV/AIDS. Given
the high numbers of COVID-19 cases globally, we foresee the
possibility of millions more people who may require dialysis or
transplant. But, is the world and its health systems—stretched to
the limit as they are—prepared to face a chronic kidney disease
pandemic superimposed or following the coronavirus pandemic?
Not yet, certainly. And we can hardly afford to ignore the warnings
of such an eventuality: we have already seen where that can lead,
and too many have already paid the price with their lives. ~M--
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