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W) Check for updates

Long COVID and kidney disease

Sachin Yende

More than 180 million people have been diagnosed
with COVID-19, and approximately 4 million have died
worldwide. The short-term survival of these patients
will improve as evidence-based therapies continue to
be adopted and new treatments become available. Thus,
the number of individuals who are at risk of poor long-
term outcomes, known as long COVID, will continue
to increase.

Approximately 28% of patients who are hospitalized
with COVID-19 are diagnosed with acute kidney injury
(AKI) and 9% receive kidney replacement therapy’.
Infection with SARS-CoV-2 has both direct and indirect
effects that can lead to AKI?. Potential direct effects on
the kidney include endothelial damage from viral entry,
complement activation, local inflammation and collap-
sing glomerulopathy. However, indirect mechanisms
that injure the kidney, such as sepsis, use of nephrotoxic
medications, systemic inflammation, hypercoagulability
and thromboembolic disease, might be more common
than these direct effects. Although it is well known that
AKIT can lead to chronic kidney disease (CKD), little
is known about the long-term effects of COVID-19 on
the kidney.

Importantly, the COVID-19 pandemic is likely to have
along-term impact even on patients who have not been
infected by the virus, owing to delays in care for chronic
diseases, such as CKD, diabetes and hypertension’. This
area is understudied but might have the largest impact
at the population level and disproportionately affect
vulnerable individuals, particularly those with low socio-
economic status and poor access to health care. Studies
are urgently needed to investigate this area and confirm
the importance of measures to catch up on preventive care
for at-risk individuals.

What are the long-term effects of COVID-19 on the
kidney? Three issues warrant consideration before we
examine the current evidence. First, COVID-19 might
affect the kidney in multiple ways and the contribution
of these factors might vary over time. Many of the direct
and indirect effects of the SARS-CoV-2 virus might
persist during recovery after hospital discharge and
could lead to repeat episodes of sepsis, recurrent AKI
and increased risk of CKD (FIC. 1). Furthermore, a new
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Kidney involvement is common in patients with acute SARS-CoV-2 infection, and subclinical
inflammation and injury may persist for many months, resulting in a progressive decline in kidney
function that leads to chronic kidney disease. Continued research is imperative to understand
these long-term sequelae and identify interventions to mitigate them.

diagnosis of diabetes mellitus and worsening of cardio-
vascular disease due to COVID-19 might delay recovery
of AKI. Second, the relationship between COVID-19
and CKD is likely to be bidirectional. Mild CKD might
increase the risk of COVID-19 and associated AKI,
whereas increased severity of AKI might be associated
with persistent kidney dysfunction, delayed recovery
and/or need for long-term dialysis. Thus, understand-
ing the effects of COVID-19 on the kidney will require
use of study designs that account for this complex rela-
tionship and access to datasets in which kidney func-
tion is well characterized before and after diagnosis of
COVID-19. Finally, whether the effects of COVID-19
are unique or similar to those seen in patients with other
infections and sepsis is unclear. Initial reports suggest
that many sequelae of COVID-19 are similar to those
reported in survivors of sepsis and acute respiratory
distress syndrome’.

A US study that used electronic health records from
the Veterans Health Administration (VHA) to conduct a
comprehensive assessment of long COVID reported that
COVID-19 increased the risk of CKD and that this risk
was highest among those who had severe illness’. Among
patients who required hospitalization, adverse kidney
manifestations, including urinary tract infections, AKI
and CKD, occurred even after the first 30 days following
diagnosis of COVID-19. Although the researchers used
propensity matching, the possibility that these results
are due to residual confounding cannot be excluded as
some patients might have had subclinical CKD prior
to hospitalization for COVID-19. Moreover, the risk of
CKD among patients hospitalized with COVID-19 was
similar to that of patients hospitalized with influenza.

The findings of the VHA study were similar to
those of a study of patients with COVID-19 in China,
which found that 35% of patients had reduced kidney
function (estimated glomerular filtration rate (eGFR)
<90 ml/min/1.73 m*) 6 months after COVID-19 hospitali-
zation. Interestingly, 13% of patients who did not have
AKI during hospitalization showed a reduction in eGFR
during follow-up°®. Additional studies are underway in
different populations with multiple control groups to
better understand trajectories of kidney function during
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Fig. 1| Conceptual model of trajectories of kidney function after SARS-CoV-2
infection. Patients with a high burden of frailty, chronic diseases, disability and immuno-
senescence are at increased risk of kidney disease and progression to kidney failure,

and infection with SARS-CoV-2 can further increase this risk. Kidney function declines
gradually over time even in the absence of SARS-CoV-2 infection (1), but patients who
are hospitalized with COVID-19 might experience a rapid loss of kidney function result-
ing in acute kidney injury during the acute phase of the disease (2). Post-infection kidney
function trajectories can vary and might include complete recovery (3), as indicated by
no change in trajectory compared with patients who are not infected, slow progressive
decline owing to subclinical inflammation (4), relapsing or recurrent acute kidney injury
and hospitalizations (5) or incomplete recovery and rapidly progressive kidney disease
(6). Adapted with permission from REF."’, Elsevier.
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recovery in patients with COVID-19. These studies may
provide additional insights.

Although in many patients serum creatinine returns
to normal levels following AKI, the kidneys might not
completely recover. Preclinical studies have demon-
strated the development and persistence of inflamma-
tion, kidney fibrosis, abnormal kidney gene expression
profiles and function deficits after ischaemic kidney
injury, despite a return of serum creatinine concentra-
tions to normal values. In COVID-19, these underlying
pathophysiological mechanisms could be exaggerated
together with worsening diabetes or hypertension con-
trol. Kidney disease progression in COVID-19 is likely
multifactorial and might be driven by ongoing inflam-
mation, intrinsic tubular injury or maladaptive repair,
among other pathways. Novel kidney-specific plasma
and urine biomarkers might help to discern the dominant
underlying aetiologies and predict which patients are at
highest risk of CKD after COVID-19 hospitalization’.

To gain a better understanding of the effects of
COVID-19 on the kidney, large integrated health-care
systems and collaborations that enable rapid collection
and analysis of clinical, laboratory and diagnostic data
should continue to provide access to their databases for
researchers who are investigating the long-term sequelae
of COVID-19. For example, the National COVID
Cohort Collaborative (N3C) has created a multisite
collaborative learning health network with a scalable
infrastructure, incorporating multi-organizational
clinical data for COVID-19 analytics®. Translational
studies in which patients with COVID-19 undergo data
and biospecimen collection during hospitalization and
recovery are key to understanding clinical and biological
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outcomes and investigate mechanisms. The NIH is plan-
ning to launch a multicentre, observational study of the
post-acute sequelae of SARS-CoV-2 infection (PASC),
with a special emphasis on cardiovascular and brain
disorders’. The inclusion of novel and traditional mea-
sures of kidney function and injury in the PASC study
will be important to investigate the mechanisms that
underlie the development of CKD after COVID-19.
Health services research is also needed to understand
and mitigate health disparities that are potentially
worsened by COVID-19. Leveraging electronic health
records of the State Medicaid databases that provide care
for vulnerable patients in the USA may be helpful.

Some changes in health care due to COVID-19 are
likely to persist even after the pandemic. For example,
the move towards the use of telemedicine, especially
in the post-discharge setting, will continue. As telemedi-
cine is an important tool for preventive and population
health, understanding barriers to its use in some patient
groups, such as those with low socioeconomic status,
will be important. Finally, intervention studies to pre-
vent incident CKD and progression of kidney disease
will be paramount in reducing long-term morbidity and
mortality after COVID-19.

In conclusion, the COVID-19 pandemic provides a
unique opportunity to advance our understanding of
how infection-associated AKI might worsen CKD and
to develop novel therapies to delay progression of kidney
disease. The pandemic has worsened disparities in
health care, which may impact patients who are at-risk
of or have CKD. Efforts to understand the effect of these
disparities and identify steps to mitigate them should be
an important focus of future research.
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