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Chronic kidney disease (CKD) is the most common risk factor for severe COVID-19 and one that most increases the risk
of COVID-19-related death. Moreover, CKD increases the risk of acute kidney injury (AKI), and COVID-19 patients with
AKI are at an increased risk of death.
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| 1. Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has caused over 769 million confirmed cases of
coronavirus disease 2019 (COVID-19) and over 6.95 million deaths worldwide, as reported by the World Health
Organization (WHO), but the real numbers are believed to be much higher . The WHO declared the COVID-19 outbreak
a pandemic on 11 March 2020, and on 5 May 2023, declared that it is no longer a public health emergency of international
concern [4. The disease is now considered endemic. In this regard, it is still topical to advance our understanding of the
pathogenesis of COVID-19 and the molecular mechanisms that determine the susceptibility to severe disease. Thus, the
peak number of globally diagnosed cases was observed as recently as December 2022, and an uptick of cases driven by
novel varieties was observed in July—August 2023 W. Additionally, any acquired knowledge will be helpful in managing the
next viral pandemic outbreak. Moreover, reinfection contributed to additional risks of death (HR: 2.17, 95% CI 1.93-2.45),
hospitalization (HR = 3.32, 95% CI 3.13-3.51), and sequelae among different organ systems, compared with no
reinfection, despite vaccination status . Kidney disorders showed the highest risk after reinfection (HR = 3.55, 95% CI =
3.18-3.97; burden = 38.31, 95% CIl = 32.86-44.37), and this risk remained elevated independently of the status of
vaccination B! (Figure 1).
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Figure 1. Risk of kidney sequelae from COVID-19 according to the total number of COVID-19 episodes B Kidney
sequelae were defined as acute kidney injury or chronic kidney disease. Outcomes were defined at time of first incidence
of their component individual sequela.

| 2. Acute Kidney Injury and Chronic Kidney Disease

According to Kidney Disease: Improving Global Outcomes (KDIGO), kidney disease may be acute or chronic, and the
diagnostic criteria are used to identify patients with adverse health outcomes HIBl. Since 2002, CKD has been defined as
the presence of structural and/or functional alterations in the kidneys persisting for longer than 3 months with an impact on
health €. However, the current, more precise definition dates from 2012 M, This timing should be considered, as when
the SARS-CoV-2 pandemic hit in 2020, most healthcare professionals worldwide had not studied the current concept of
CKD in medical schools and neither had the health authorities. Consequently, the striking negative impact of COVID-19 in
persons with CKD flew initially under the radar, unlike other comorbidities that were soon identified as risk factors for



severe COVID-19, such as diabetes, hypertension, and cardiovascular disease [8l. The diagnostic criteria that by
themselves allow for the detection of CKD include an estimated glomerular filtration rate (eGFR) < 60 mL/min/1.73 m? or
urinary albumin—creatinine ratio = 30 mg/g, or pathological changes in the urinary sediment, kidney histology or imaging,
or kidney transplantation 4. eGFR and albuminuria allow for the categorization of CKD into mild, moderate, or severe
categories, which are associated with increasing risks of CKD progression, premature all-cause death, or AKI, among
others & (Figure 2).
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Figure 2. Mild, moderate, and severe CKD according to KDIGO risk categories based on simultaneous assessment of
eGFR and albuminuria. Albuminuria is usually assessed as the urinary albumin—creatinine ratio (UACR in a spot urine
sample). Figure shows the risk of all-cause death for each cell ¥, * No CKD if there is no other evidence of CKD as
imaging, hematuria or others. +++ Kidney failure: patients needing kidney replacement therapy and cardiovascular risk is
extremely high.

Globally, there are 850 million people with CKD, and the number is expected to increase as the world population ages 1%
[LUI2] prior to the SARS-CoV-2 pandemic, it was estimated that, by 2040, CKD would be the fifth global cause of death,
as it is growing faster than most other common causes of death LU |ndeed, the loss of key kidney functions, such as
the production of the anti-aging protein Klotho, or the decrease in glomerular filtration and tubular secretion of waste
molecules leading to the accumulation of uremic toxins, is believed to accelerate biological aging, leading to premature
death, mainly from cardiovascular causes, infection, malignancy, and the lack of access to kidney replacement therapy
(KRT) (20,

The progression of CKD is frequently non-linear, as CKD predisposes to AKI, and AKI may accelerate the progression of
CKD (3141 As for CKD, the cut-off points selected to define AKI (an increase in serum creatinine by =0.3 mg/dL within 48

h) are associated with an increased risk of death that increases to 45-50% in those requiring KRT and may persist for up
to a year L3167

| 3. CKD as a Risk Factor for COVID-19

Identifying the factors associated with severe COVID-19 is important to protect those in high-risk groups and, eventually,
develop specific therapeutic approaches if the molecular mechanisms underlying the increased susceptibility are
identified. CKD is the most common and the most influential comorbidity associated with COVID-19 severity. According to
the prevalence data from the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) together with the UN
population estimates for 2020, CKD is deemed the most prevalent risk factor for severe COVID-19 in adults 28] In
addition, CKD alone explains the increased risk of severe COVID-19 in approximately 5% of the global population.
Another study conducted in the UK using primary care electronic records of 17,278,392 persons examined the factors
associated with COVID-19-related death 2. While older age, expectedly, showed the strongest association with poor
outcomes, CKD was among the top five comorbidities conferring the highest risk of COVID-19-related death. The adjusted
HR was 2.52 (2.33-2.72) for subjects with G4-5 CKD (eGFR < 30 mL/min/1.73 m?), 3.53 (2.77—4.49) for transplant
recipients, and 3.69 (3.09-4.39) for patients with kidney failure, including those receiving dialysis. The Madrid REMER
Registry study also showed that, in 2020, COVID-19 was the most common cause of death among patients on kidney
replacement therapy (KRT), with overall mortality increasing by 34% compared with the average in the previous decade



(201 |n this regard, patients on dialysis are at high risk of death from infection as a category encompassing different
microbes. While the rate of mortality from infection decreased from 224 to 163 per 10,000 person-years for those
commencing dialysis in 1980-2005 and 2006-2018, respectively, it remains over 20-fold higher than in the general
population and disproportionally affects women and minorities [21. Thus, the increased severity of COVID-19 should not
come as a surprise, and the key question is to what extent the predisposition of CKD patients to severe COVID-19 is a
further manifestation of the non-specific immune suppression in this population, or whether it is driven by specific factors
that merit specific management.

| 4. COVID-19, AKI, and Mortality

COVID-19 may be complicated by AKI. This may result from systemic cytokine release syndrome due to the SARS-CoV-2
infection of kidney cells, specific disease entities such as collapsing focal segmental glomerulosclerosis or thrombotic
microangiopathy, or a combination of these and other factors [2212311241125][26] As js the case for AKI in other contexts, AKI
is associated with an increased risk of death in patients with COVID-19 272811291 |, the regions and countries hit earliest
and hardest by the pandemic, the lack of enough resources to provide both ventilation support and KRT to all those in
need may have contributed to a further increase in the mortality of COVID-19 AKI 39, The fact that there is evidence of
the infection of kidney cells during AKI and that AKI in COVID-19 is associated with adverse outcomes means that it is
also of interest to understand the susceptibility of kidney cells to SARS-CoV-2 infection. Indeed, the SARS-CoV-2 infection
of kidney cells was associated with an increased risk of death in patients with COVID-19 B4,

5. Suboptimal Response to SARS-CoV-2 Vaccines in Some Patient
Populations with CKD

The most obvious preventive measure for those at high risk of severe COVID-19 is vaccination 22, However, patients on
dialysis and, even more, kidney transplant recipients have suboptimal responses to vaccines. As an example, patients on
dialysis require specially designed regimens to optimize the response to vaccination against hepatitis B virus, and despite
that, some patients are not immunized or are immunized only transiently 3. There are multiple anti-SARS-CoV-2
vaccines, and reviewing the CKD literature on all of them is beyond the scope of this text. However, the mRNA-based
vaccines (BNT162b2 and mRNA-1273) have been prospectively assessed using the same methods in patients with CKD
not on dialysis, on hemodialysis/peritoneal dialysis, and those who underwent transplantation, and this may provide a
flavor of the issues. After the initial vaccination schedule, the BNT162b2 (30 ucg) vaccine was associated with a six-fold
higher risk for negative humoral response than mRNA-1273 (100 ucg), likely due to the different dose, as is the case for
hepatitis B virus vaccines 241, During the first year after vaccination, patients with non-dialysis CKD and those on dialysis
presented good anti-spike antibody responses. However, anti-spike antibodies decreased over time. A third dose of
vaccine induced seroconversion in a high percentage of antibody-negative patients after two doses, although responses
were poorer in kidney transplant recipients 22!, The fourth dose seroconverted 72% of previously negative patients. Higher
anti-spike antibody titers at 12 months were independently associated with repeated exposure to antigen (fourth vaccine
dose and/or previous breakthrough infections). Breakthrough COVID-19 requiring admission was observed in CKD
patients with lower antibody titers, and the least benefit from the fourth dose was observed in patients with the highest
need for a vaccine booster (i.e., those with lower pre-booster antibody titers or kidney transplant recipients) 28l Overall,
kidney transplant recipients presented suboptimal responses after any vaccination schedule (initial, third, and fourth
dose). Some patients had a persistently negative humoral response despite boosters 34, and the mortality of patients on
KRT remains high despite increased access to critical care [28],
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