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Damage to the waterworks: COVID-19 and the kidneys

The coronavirus disease 2019 (COVID-19) continues to elicit turmoil
globally, culminating in a myriad of challenges for the general public,
physicians, and healthcare systems alike. Although it primarily affects
the respiratory system, there are several extrapulmonary ramifications,
which are being fervently explored by researchers around the world. A
growing amount of literature has established several extrapulmonary
sequelae, including cardiovascular, hepatic, gastrointestinal, neurolog-
ical and—more importantly—nephrological complications. Whether it
is the occurrence of acute kidney injury in COVID-19 patients, or the
effects of the virus in patients with chronic kidney disease and kidney
transplant recipients, the pathophysiology of nephrological involvement
remains esoteric despite its paramount significance. In order to devise
efficacious management protocols, it is crucial to unravel and shed light
on the inexplicable pathophysiological basis underlying COVID-19
induced kidney injury.

It is important to note that incidence rates for acute kidney injury
(AKI) have evolved throughout the pandemic. During the initial stages
of the pandemic, the incidence of AKI was noted to be as low as 4.9% in
hospitalised COVID-19 patients [1]. However, as the pandemic pro-
gressed, further reports that emerged from China estimated the inci-
dence of AKI to be between 1% and 46%, whilst those studies outside of
China insinuated incidence levels hovering around 15% [2]. These es-
timations are comparable with those of severe acute respiratory syn-
drome (SARS) [3]. The two main causes of AKI amongst COVID-19
patients are hypovolemia and dehydration, with AKI portending worse
outcomes with respect to pulmonary and renal damage, as well as
in-hospital mortality [4,5]. Interestingly, patients who developed AKI
while hospitalised with COVID-19 are postulated to be at a higher risk of
mortality than those without, with stages 1, 2 and 3 AKI all associated
with higher mortality (hazard ratios: 3.51 to 9.81) [4]. Variance in
incidence of AKI, transplants (kidney replacement therapy) and mor-
tality is assumed to be down to numerous comorbidities, ranging from
race to education [2,6].

Renal involvement in COVID-19 is thought to be multifactorial;
however, its exact mechanisms still remain enigmatic. Multiple predis-
posing factors such as cardiovascular comorbidities, nephrotoxins, and
hypovolemia also play a role as possible contributors to involvement of
the kidneys [7]. There is mounting evidence substantiating the role of
SARS-CoV-2 in causing direct kidney injury [7]. Post-mortem studies
using light microscopy have shown acute tubular injury amongst those
that died from COVID-19 induced AKI [2,8]. Furthermore, electron
microscopy has found viral particles in the epithelium as well as podo-
cytes [8,9]. Specific mechanisms that have been proposed include direct
injury via angiotensin-converting enzyme 2 (ACE2) receptors, an
imbalance of the renin-angiotensin-aldosterone system (RAAS), a rise in
cytokines, and microvascular thrombosis [10]. ACE2 receptors have
been found to be a major binding agent for SARS-CoV-2 in the lungs,
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leading to acute lung injury [6]. Expression of ACE2 RNA is nearly a
hundred times higher in the kidneys as opposed to the lungs, further
highlighting the susceptibility of the kidneys to injury [10,12].
SARS-CoV-2 can infect cells in kidneys through the ACE2 receptors,
thereby leading to mitochondrial failure, collapsing glomerulopathy,
protein leakage, and acute tubular necrosis [7].

SARS-CoV-2 can also lead to an imbalance within the RAAS system.
When SARS-CoV-2 binds to ACE2 receptors, membrane-bound ACE2
receptors are downregulated, culminating in an accumulation of
angiotensin II. This results in an overactivation of RAAS, eventually
resulting in vasoconstriction, inflammation, and fibrosis [10]. It has thus
been  suggested that RAAS inhibitors, which include
angiotensin-converting enzyme (ACE) inhibitors and angiotensin II re-
ceptor blockers (ARB), might indeed be effective agents in combating
COVID-19. However, ACE inhibitors and ARBs may also increase the
expression ACE2 receptors, leading to adverse outcomes [10,11].
COVID-19 induced cytokine storm has also been implicated in AKI
witnessed in patients afflicted with SARS-CoV-2 [7,8]. Evidence sug-
gests that patients with COVID-19 can have an increased number of
inflammatory cytokines, which can in turn induce endothelial and
tubular. In particular, IL-6 can be particularly menacing and may play a
role in ischemic AKI, sepsis-induced AKI, and nephrotoxin-induced AKI.
Additionally, due to the widespread endothelial dysfunction that ensues
in the context of a severe COVID-19 infection, fibrin thrombi can deposit
in the glomerular loops, leading to a failure in coagulation and hae-
mostasis [10]. This can be further exacerbated in patients with inherited
or acquired prothrombotic conditions [8].

Chronic kidney disease (CKD) is described as a structural or func-
tional abnormality of kidneys lasting more than 3 months and boasts an
estimated global prevalence of 13.4% (95%CI: 11.7%-15.1%) [13,14].
Pertinently, a recent meta-analysis found that there is a noteworthy
relationship of CKD with severe COVID-19 infection [OR 3.03, 95% CI:
1.09-8.47) [15]. Therefore, CKD is conjectured to be an important
prognosticator of mortality in hospitalised COVID-19 patients [16]. A
recent study from the US concluded that patients with CKD had an
increased risk of mortality (RR: 2.51 [1.82-3.47]) whilst a study from
Italy reported a mortality rate of 88.2% amongst infected patients with
underlying CKD [17]. According to another mortality analysis,
COVID-19 patients with CKD are at a higher risk of ICU admission and
in-hospital mortality, with rates of 39.4% and 28.4%, respectively, in
contrast to patients without pre-existing CKD (8.0% and 4%, respec-
tively) [18].

Kidney transplant recipients with chronic immunosuppression and
coexisting conditions are more likely to develop critical COVID-19 dis-
ease, which increases the likelihood of hospitalization and mortality. A
case series divulged a 32% mortality in the aforesaid patient group [19].
According to another study, infected kidney transplant patients had
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lower CD3, CD4, and CD8 cell counts, and experienced a faster clinical
deterioration than infected patients without CKD [19]. The management
of this patient population is still a medical conundrum, since there is no
established consensus regarding the way to modulate immunosuppres-
sion in patients undergoing kidney transplantation. In this context,
immunosuppression might thwart a coordinated anti-virus T-cell
response, but it may also inhibit the body’s inflammatory response,
which contributes to COVID-related mortality [20].

While the pulmonary manifestations of COVID-19 are well-
documented, the mechanisms underlying COVID-19 induced renal
damage still remain elusive. As the pandemic continues to take its toll,
physicians must remain cognisant of these emerging extrapulmonary
adverse outcomes. Over the coming months, it would be intriguing to
note the percentage of patients with underlying CKD who eventually
develop end-stage renal disease in the context of a severe COVID-19
infection. Equally important, it might be the case that, akin to HIV,
COVID-19 might employ the renal epithelial cells as a potential reser-
voir, a notion that can be extensively researched upon.
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