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Abstract: Patients with chronic kidney disease (CKD), particularly those with end-stage kidney
disease (ESKD) undergoing dialysis or kidney transplantation, face ongoing challenges in relation
to the risk of COVID-19. In addition to their underlying condition, factors such as immune-evasive
variants, immunosuppressive therapies, and the need for dialysis contribute to poor COVID-19
outcomes in this population. Severe COVID-19 can lead to the deterioration of CKD/ESKD, resulting
in acute kidney injury, septic shock, and respiratory failure. Moreover, patients with CKD/ESKD
have shown impaired response to COVID-19 vaccination, with seroconversion failures associated
with the burden of immunosuppressive treatments, further heightening their vulnerability to severe
disease. Despite the current endemic, it is crucial to acknowledge the ongoing significance of
COVID-19 as a serious threat to patients burdened with chronic diseases like CKD and ESRD.
Understanding the impact of COVID-19 on these patients is essential, as they remain at risk of severe
disease progression. This paper presents the results of a literature review to enhance our
understanding of COVID-19-related risks in patients with CKD/ESKD. Expert insights and
illustrative scenarios provide practical perspectives and highlight the importance of risk
stratification based on clinical factors for guiding targeted measures and treatments to mitigate
COVID-19 risks in these vulnerable patients.

Keywords: COVID-19; Omicron; chronic kidney disease (CKD); end-stage kidney disease (ESKD);
dialysis; kidney transplantation; immunocompromised; immunosuppressed

Introduction

The SARS-CoV-2 pandemic has had a disproportionate impact on immunocompromised (IC)
individuals, specifically those with CKD [1]. Compared to healthy individuals, patients with CKD
had an elevated risk of severe COVID-19 outcomes including prolonged hospitalizations, intensive
care unit (ICU) admissions, and deaths [1]. Despite the decreased severity of the Omicron variant in
the general population, [2] patients with CKD continue to face high mortality rates, particularly

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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those with low vaccine responses and inadequate preventive measures [3]. Therefore, it is crucial to
recognize the persistent threat of COVID-19 in these patients, address their unique challenges, and
implement necessary strategies to mitigate COVID-19 risks for this vulnerable population.

Previous evidence has established the link between CKD and increased mortality from COVID-
19 [4,5]. This increased risk was attributed to factors such as high exposure setting of in-center
hemodialysis and the emergence of SARS-CoV-2 variants capable of evading vaccines and the
immune system (e.g. Omicron BA.2.75, BQ.1, XBB, and XBBP.1.5) [6-9]. Primary risk factors for
COVID-19-related deaths included organ transplant, estimated glomerular filtration rate (eGFR) <30
ml/min/1.73m? and immunosuppression [5]. Patients with CKD or ESKD experienced more
complications, deaths and severe morbidities than those without CKD or ESKD [5,10-12]. In large
population studies, patients receiving dialysis had a 20%-30% mortality rate, four times higher than
that of non-dialysis patients [4,5,7,13]. Moreover, kidney transplant recipients (KTRs) with chronic
immunosuppression have been shown to exhibit reduced vaccine responses and viral clearance
capacity, [14] further underscoring the need for a multi-pronged vaccination strategy and early
preventive measures or treatment.

This review aims to enhance understanding of the risks and disease management related to
COVID-19 in patients with CKD, including those receiving dialysis and with kidney transplantation.
Through a comprehensive analysis of the available literature, our objective is to identify individuals
who are particularly vulnerable to severe COVID-19 outcomes and require specialized attention,
taking into consideration their specific treatment modalities and transplantation status. Evidence on
COVID-19 vaccine responses in these patient populations is also examined and discussed. To provide
practical insights into real-life management challenges, we present two illustrative cases and provide
considerations for minimizing COVID-19 risks and adverse outcomes. By contextualizing our
findings in the ongoing endemic phase, this review underscores the continued magnitude and
burden of COVID-19 on patients with CKD and emphasizes the need for stratifying patients based
on their individual risk profiles.

Understanding the Effects of Covid-19 on CKD, Dialysis and Kidney Transplantation

COVID-19 Mortality in ESKD, Dialysis and Kidney Transplantation

Studies have shown that when infected with SARS-CoV-2, individuals with pre-existing ESKD
and maintenance dialysis had a faster progression to ICU admission than those without [15]. Within
28 days of ICU admission, half of the patients with CKD (both dialysis-dependent and non-
dependent) had died, compared to 35% without pre-existing CKD, emphasizing the need for targeted
COVID-19 treatments in this high-risk group [15]. Furthermore, COVID-19 patients with ESKD on
dialysis who did not survive were found to have significantly higher median initial white blood cell
counts and C-reactive protein levels [16]. Several studies have reported higher COVID-19 rates and
mortality in individuals on dialysis [4,17]. Interestingly, home dialysis showed a 23% reduction in
COVID-19 risk but an 18% increase in mortality [18]. An Italian study reported stopping
immunosuppressants in KIRs with on-admission COVID-19 infection and starting
methylprednisolone, antiviral therapy and hydroxychloroquine.[19] However, by day seven, 87% of
patients worsened, 73% needed oxygenation, and six developed AKI. By day 15, five KTRs had died,
highlighting of the risk of disease progression and death in this population. In another study of
hospitalized COVID-19 patients on dialysis, 31% had died within a median of six days post-
admission while 75% needed mechanical ventilation [20]. Altogether, these findings underscore the
need to prevent the spread of SARS-CoV-2 in this high-risk group.

Impact of CKD on COVID-19 Risks and Outcomes

Compared to the general population, individuals with CKD face a 14 to 16-fold higher risk of
COVID-19-related pneumonia, severity and associated mortality, leading to a proportional increase
in adverse outcomes including hospitalization, respiratory failure and death [21]. Additionally,
kidney dysfunction has been identified as an independent predictor of poor COVID-19 outcomes
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[22]. A Japanese study found that on-admission kidney dysfunction (defined as eGFR
<60 mL/min/1.73 m? or dipstick proteinuria 21+) was associated with disease severity and poor short-
term prognosis among patients with COVID-19 [22], suggesting that the severity of CKD can serve
as a stratification factor for assessing the risks associated with COVID-19. In line with our expert
recommendation, COVID-19 patients with on-admission kidney dysfunction require careful clinical
attention, including considerations such as withholding nephrotoxic treatments and implementing
hemodynamic interventions. Assessing kidney function and markers of kidney damage in COVID-
19 patients aids in identifying individuals in urgent need of early interventions to mitigate disease
progression. Specifically, proteinuria, observed in 24% to 84% of CKD patients with COVID-19,[20]
may indicate underlying kidney pathology or comorbidities and has been shown to predict mortality
regardless of acute kidney injury independently (AKI) or hematuria [23].

Kidney Complications in CKD and COVID-19 Outcomes

Data indicated that COVID-19 patients with underlying CKD were 66% more likely to develop
AKI, which increases mortality risks, and had a greater than threefold higher risk of requiring acute
kidney replacement therapy (KRT) [24]. Transplant recipients also face a higher prevalence of AKI
compared to other COVID-19 patients, with estimates ranging from 75% to 83% [24]. A US study
found that solid organ transplant recipients hospitalized with COVID-19 were 3.5-times more likely
to require dialysis than non-transplant patients [24]. Compared to individuals without CKD,
mortality rates at 28 days post-ICU admission were higher in patients with CKD who did not require
dialysis (51%) and those requiring KRT (50%) [25]. It remains unclear why kidney dysfunction
independently increases the risk of death in patients with COVID-19. However, it has been suggested
that severe kidney disease may complicate fluid therapy in patients with respiratory failure. Among
patients with COVID-19, the most common causes of death were respiratory failure, kidney failure
and septic shock [26].

COVID-19 Risks and Considerations for Dialysis Patients

During the pandemic, patients on dialysis have been identified as one of the highest-risk groups
for mortality, not only due to their susceptibility to severe illness but also because of the potential for
missed treatments [27]. A study demonstrated that patients on hemodialysis had an ICU mortality
rate that was 14.4 times higher than the general population when infected with COVID-19 [28].
Moreover, patients on in-center hemodialysis face an additional risk of exposure as they need to
attend dialysis centers, even during lockdowns, which can become hotspots for widespread infection
[24]. These patients often rely on shared patient transportation and interact with other patients and
dialysis staff, further increasing their exposure risk. As a result, the incidence of COVID-19 among
patients receiving in-center hemodialysis is higher compared to the general population [24].
Alarmingly, studies have reported that approximately 20% of patients on dialysis died within 1
month of contracting SARS-CoV-2, a significantly higher mortality risk than that associated with
other infections or many cardiovascular events [24]. However, while earlier studies have indicated
high short-term mortality among dialysis patients with COVID-19, data on long-term outcomes
provide more reassurance [29]. Survivors of COVID-19 in this high-risk group tend to have good
outcomes at three months post-diagnosis [29]. Additionally, it is important to note that despite the
perception that PD patients may be less vulnerable due to home-based treatment, recent Omicron
data from Hong Kong reported similarly high COVID-19 mortality rates among PD and hemodialysis
patients [30]. Notably, 73% of PD deaths occurred in unvaccinated patients. Altogether, these findings
underscore the importance of providing unrestricted and optimal treatment for COVID-19 in dialysis
patients.
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COVID-19 and Arterial and Venous Thromboembolic Complications

COVID-19 can induce a prothrombotic state, increasing the risk of venous and arterial
thromboembolic events [24]. It remains uncertain whether individuals with CKD are at greater risk
of thromboembolic events after COVID-19 than those with normal kidney function. Existing findings
have been mixed so far, partly due to inadequate baseline definition or documentation of CKD and
lack of follow-up [24]. A large registry study on patients with COVID-19 reported a significant
association between CKD and a greater than twofold increased risk of venous or arterial
thromboembolic complications, as well as all-cause mortality within 90 days of discharge; however,
the study did not provide a definition of CKD [24]. Poor outcomes in patients with CKD and COVID-
19 may be due to SARS-CoV-2 interacting with the angiotensin-converting enzyme 2 transmembrane
protein in kidney proximal tubular and podocyte cells [31]. Kidney injury can occur directly due to
SARS-CoV-2 presence, infection and replication in renal tubular epithelium,[32] or indirectly due to
hyperinflammation resulting from tubular injury and renal vasculitis. Additionally, the use of
nephrotoxic dialysis drugs, nonsteroidal anti-inflammatory drugs, or volume depletion can worsen
glomerular filtration.

Effectiveness of COVID-19 Vaccination in IC and is Patients

Compared to healthy individuals, IC individuals, exhibit higher non-responder rates [1]. A
study evaluating the efficacy of SARS-CoV-2 vaccine against COVID-19-related hospitalization found
an effectiveness of 62.9% in IC populations, which was lower than non-IC populations (91.3%) [33].
Post-vaccination humoral responses are influenced by factors such as the type of transplantation,
immunosuppressive treatments, duration after transplantation, and diminished eGFR [34-37]. In
both dialysis patients and KTRs, the number and type of immunosuppressive drugs are most critical
risk factors for seroconversion failure [37]. Negative humoral responses were associated with triple-
drug immunosuppression, whereas positive humoral responses were less likely with
mycophenolate-based agents [38,39]. Moreover, comorbidities including diabetes mellitus has been
identified as a risk factor for vaccine unresponsiveness in a kidney transplant cohort [35].

Based on our systematic review of the literature (Appendix A), there is a wide variation in
vaccine response rates across the CKD populations. Overall, seroconversion rates in hemodialysis
and peritoneal dialysis patients were comparable to those in non-IC individuals (Figure 1). Notably,
hemodialysis patients showed improved seroconversion rates after the second vaccine dose,
although still lower than observed in healthy individuals [40]. On the other hand, there is strong
evidence that patients with solid organ transplant including KTRs exhibit higher non-response rates
to COVID-19 vaccination [33].
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Figure 1. Literature review findings on seropositive conversion rates following two-dose vaccination
in patients on hemodialysis and peritoneal dialysis and KTRs.

Illustrative Cases

*The cases presented are for illustrative purposes only and do not represent specific individuals. They are
hypothetical scenarios derived from the authors’ collective clinical experience.

To-provide a comprehensive understanding of post-treatment outcomes, we describe two
contrasting cases of individuals with ESKD undergoing dialysis and with indications for kidney
transplantation. One of them contracted COVID-19, while the other remained unaffected by the virus.
These cases were deliberately selected to highlight the challenges that may arise in clinical practice
and to emphasize the variability in patient profiles and COVID-19 outcomes within this population.

Patient 1

Introduction: A 29-year-old female was diagnosed with IgM nephropathy at age 3 secondary to
IgA nephropathy, with non-compliance in adolescent years resulting in progression to ESKD by age
21. At the age of 28 years, she underwent a kidney transplantation (November 2018) and received
post-transplant immunosuppression, which included prednisone.
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Case Report: She received one dose of mRNA vaccine in May 2020, and another in November
2020. Her first SARS-CoV-2 infection occurred in June 2021, presenting with moderate disease
symptoms of high fever, chills, rigors, severe fatigue, nausea with vomiting, body aches, mild
shortness of breath, sore throat, nasal congestion, and bilateral coarse crackles on lung
examination. Nasopharyngeal swabs for reverse transcription polymerase chain reaction (RT-PCR)
were positive for SARS-CoV-2, while chest X-rays showed ground glass opacities in bilateral lower
fields, confirming both upper and lower respiratory tract infection. Vital signs showed elevated blood
pressure, heart rate and respiratory rate. Blood work indicated abnormalities in white blood cell
count, hemoglobin levels, platelet count, urea, and creatinine levels. Her glycated hemoglobin and
tacrolimus levels were within normal ranges. She was admitted to the hospital for five days and
received treatment for symptomatic COVID-19 in line with established protocols for IC patients
admitted with moderate COVID-19: intravenous remdesivir daily for three days with symptomatic
treatment (acetaminophen, nasal decongestants, cough suppressant, throat lozenges and throat
antiseptic sprays). During hospitalization, reduced-dose azathioprine was given (25 mg every other
day), with 25 mg daily resumed on discharge. She was hospitalized for seven days, and when her
nasal swab RT-PCR reached a Ct value of >25 on day 14, she had a further seven days of a “virtual
ward”, at-home program, with de-isolation. She received a third dose of mRNA vaccine (November
2021), and pre-exposure prophylaxis (PrEP) tixagevimab-cilgavimab (TIX-CIL) (April 2022) without
adverse effects. Currently, she is on immunosuppressants with no rejection or other episode of
COVID-19. At one month post-isolation, she displayed normal baseline laboratory values with no
further sequelae.

Patient 2

Introduction: A 38-year-old female had IgA nephropathy that resulted in ESKD and required a
kidney transplantation. She was on hemodialysis via an arteriovenous fistula for the previous five
years and prescribed medications including antihypertensives, calcium-based phosphate binders,
and vitamin supplements, but no immunosuppression. Due to her treatment adherence, laboratory
assays demonstrate values within normal limits or target ranges and that her condition is stable, with
the patient wait-listed for kidney transplantation from a deceased donor.

Case Report: During the pandemic, she received two doses of viral vector vaccine administered
four months apart, and after five months, two doses of mRNA vaccine. She is currently in a state of
good health, doing well with thrice-weekly hemodialysis, and is awaiting a kidney transplantation.

Protecting CKD Patients and KTRS from Covid-19 Infection and Severe Disease

Vaccination and Booster Doses for Effective COVID-19 Prevention

The cases underscore the importance of implementing effective vaccination strategies, timely
booster doses, and prompt treatment to prevent the progression to severe disease, particularly given
the ongoing high COVID-19 prevalence and deaths and declining population immunity. A recent
Thai study has provided crucial evidence on the effectiveness of booster (third, fourth and fifth doses)
in protecting against severe COVID-19 outcomes and deaths with newer Omicron sub-lineages [41].
The findings highlight the ongoing significance of timely booster vaccinations in protecting the
population and provide urgently needed evidence to support the continued rollout of booster dose
schedules in Thailand and other regions in Asia. To ensure optimal protection, booster campaigns
should prioritize improving coverage by utilizing all available vaccines [41].

Non-Pharmacological Measures in COVID-19 Prevention

IC individuals, who often interact more frequently with healthcare systems, face an elevated risk
of acquiring healthcare-associated infections, including COVID-19 and other respiratory illnesses
[42]. To mitigate this risk and ensure these patients receive essential care, modifications to routine
and preventive healthcare delivery are necessary. For those with suspected or confirmed COVID-19,
key infection control measures include rigorous hand hygiene, universal use of personal protective
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equipment, targeted utilization of negative pressure rooms, vigilance regarding secondary infections,
and a tailored approach to de-escalating isolation precautions [42]. While it is recognized that most
IC patients were already practicing some degree of social distancing and hand hygiene before and
during the pandemic, they should be routinely reminded to maintain preventive measures to protect
themselves as societies and communities gradually reopen.

Therapeutic Strategies for COVID-19 Management

Therapeutic strategies for protecting patients with CKD and KTRs from COVID-19 involve
maintaining updated vaccinations and providing PrEP or post-exposure prophylaxis with
monoclonal antibodies and antiviral small molecules [43,44]. Early treatment in high-risk populations
focus on halting SARS-CoV-2 replication and reducing viral loads (Figure 2). For KTRs, COVID-19
treatment is similar to non-transplant patients,[45] with adjustments to immunosuppression levels
based on disease severity [46].

Prioritize ESKD
.] WORSENING OF . patients/KTRs and risk

CKD/ESKD/KTR stratify patients according

to age and kidney function
Vaccination effectiveness
impacted by:
ICU admission = Immunosuppression AKI
= Kidney dysfunction - Pharmacological: Risk mitigation
== PrEP and/or early * strategies
. S = Time post-transplant antiviral therapy 9
Mechanical ventilation . .
. L Respiratory failure
= Dialysis vintage

= Diabetes

Limit viral transmission:
WORSENING OF PrEP, booster vaccinations
Death CoVvID-19 s e and Non-pharmacological

INFECTION measures

AKI, acute kidney injury; CKD, chronic kidney disease; COVID-19, coronavirus disease 2019; ESKD, end-stage kidney
disease; ICU, intensive care unit; KTR, kidney transplant recipient; PrEP, pre-exposure prophylaxis.

Figure 2. COVID-19 risk mitigation strategies for CKD/ESKD patients and KTRs.

Monoclonal Antibodies for COVID-19 Prophylaxis

Considering the diminishing effectiveness of immunity and the emergence of immune-evading
variants, booster vaccinations [46] or monoclonal antibodies PrEP can be beneficial for dialysis
patients and individuals with persistent poor vaccine responses [41]. Several anti-SARS-CoV-2
monoclonal antibodies have proven to be safe and effective in reducing the severity and
mortality of COVID-19 in IC individuals, and early initiation of treatment should be considered
for non-hospitalized patients to reduce the risk of hospital visits [47-49]. Previous studies have
shown that TIX-CIL PrEP reduced the risk of symptomatic illness by 82.8% at the six-month
follow-up for unvaccinated adults at high risk of inadequate vaccine responses or SARS-CoV-2
exposure [50]. However, the impact of prophylactic TIX-CIL on mortality remains uncertain, as
newer variants like BA.5 have shown resistance to neutralization [51-53]. Similarly, the effectiveness
of the monodonal antibody sotrovimab against Omicron variants is reduced compared to ancestral variants [54].
Due to the waning effectiveness of these agents and the risk of increased viral resistance in IC
individuals,[55,56], it is advisable to reserve their use for patients who are at high risk of
complications [57]. In Singapore, the implementation of TIX-CIL PrEP during the late 2022
Omicron wave in a hemodialysis patient cohort resulted in low rates of SARS-CoV-2 infections
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(7%;14/198 patients), hospitalizations (2%;4/200 patients), ICU admissions (1%; 2/200 patients), and
no deaths or adverse events [58].

Monoclonal Antibodies for COVID-19 Treatment

Monoclonal antibodies such as bebtelovimab, sotrovimab, TIX-CIL, and casirivimab/imdevimab
(CAS-IMD) have shown effectiveness in providing passive immunization against SARS-CoV-2 in
KTRs [34]. CAS-IMD has been found to reduce viral loads and hospitalizations, and early use of
bebtelovimab or sotrovimab in KTRs resulted in similar hospitalization and mortality rates during
previous Omicron waves [59]. Sotrovimab has demonstrated effectiveness in reducing disease
severity and may help neutralize Omicron, thus preventing severe COVID-19 in outpatient KTRs
who are at high risk. However, it is worth noting that the effectiveness of monoclonal antibodies
against Omicron variants has diminished. While BA.2 showed some sensitivity to CIL and IMD, it
was resistant to sotrovimab and adintrevimab [60]. IC individuals receiving CAS-IMD showed no
neutralization against BA.1 and weak neutralization against BA.2. TIX-CIL, although active against
BA.2 and the Delta variant, was significantly weaker against BA.1, with reported breakthrough cases
of Omicron [60]. Recent data on bamlanivimab/etesevimab (BAM-ETE) indicate significant
reductions in COVID-19 hospitalizations and deaths, although some instances of drug resistance
have been observed.[61]. Despite the increased risk of severe COVID-19 and death in KTRs due to
chronic morbidities and immunosuppression, studies suggest that newer agents can be part of PrEP
or early treatment strategies in early-diagnosed or mild COVID-19, serving as an alternative to
vaccinations. A case report noted successful COVID-19 management without worsening the
condition or organ rejection in a KTR receiving CAS-IMD, suggesting its potential role in preventing
COVID-19 progression in KTRs [62].

Antivirals for Early COVID-19 Treatment

In general, data regarding the use of specific antivirals in COVID-19 patients with CKD and
ESKD remains limited. However, studies have investigated the potential of certain small antiviral
molecules, including molnupiravir, remdesivir and nirmatrelvir/ritonavir, as treatments for COVID-
19. Although they are not currently indicated for PEP, they have demonstrated effectiveness
against Omicron variants, particularly when administered immediately after symptom onset
[63].

Molnupiravir has shown efficacy against COVID-19 than placebo in reducing hospitalizations
and deaths, especially in non-hospitalized patients over 60 years old with increased risks of severe
disease [64-66]. Further research demonstrated that early initiation of molnupiravir in at-risk,
unvaccinated adults with COVID-19 reduced risk of hospitalization or deaths through day 29
compared to placebo [67]. Interestingly, in a cohort study of high-risk, vaccinated adults with
COVID-19, molnupiravir did not reduce hospital admissions or deaths, which were already
infrequent, but did reduce viral loads and time to recovery [68].

The efficacy of remdesivir in treating hospitalized COVID-19 patients has shown mixed results
in randomized trials [69]. However, there is evidence suggesting that its use as early treatment for
outpatients was safe and well-tolerated [70]. Due to the risk of renal toxicity, remdesivir is not
recommended in patients with severe kidney impairment (creatinine clearance <30mL/min or
requiring RRT) [71]. However, a retrospective chart review indicated that the use of remdesivir in
patients with severe kidney impairment was relatively safe, with no significant difference in adverse
events compared to patients without severe kidney impairment [71]. The study highlights the
importance of a shared decision-making approach in evaluating the benefits and risks of remdesivir,
particularly in the context of limited treatment options [71]. Additional studies are needed to better
understand the safety of remdesivir in individuals with impaired renal function.

The EPIC-HR (Evaluation of Protease Inhibition for Covid-19 in High-Risk Patients) study
demonstrated that nirmatrelvir plus ritonavir led to an 88% reduction in COVID-19-related
hospitalization or death within five days of symptom onset in unvaccinated adults at risk for severe
disease [72]. It is important to note that the use of anti-COVID treatments require careful
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consideration of potential drug interactions and associated risks. Ritonavir may cause drug toxicity
in high-risk patients, and nirmatrelvir/ritonavir can interact with outpatient medications such as
tacrolimus, a cornerstone of immunosuppressive therapy for KTRs. Additionally, molnupiravir
raises concerns related to potential host DNA mutational effects [71,73], and patient non-adherence
to treatment guidelines and the use of monotherapy may contribute to drug resistance. Therefore,
combination treatment using various SARS-CoV-2 antiviral therapies should be considered in these
high-risk populations, and management of drug interactions involving dose reduction, use of
alternative medication, increased monitoring and temporary discontinuation as appropriate.

Conclusions and Clinical Implications

The emergence of less-severe SARS-CoV-2 variants and milder disease has led to a reduced
overall burden of disease in both the general population and IC patients. However, this has
sometimes resulted in a false sense of security among IC patients, leading to relaxed attitudes toward
personal protection, which can increase their risks of severe outcomes. While effective vaccination
programs and improved clinical understanding have reduced the danger posed by SARS-CoV-2, the
unpredictable nature of variant mutations may lead to the emergence of more virulent strains.
Therefore, there is a need for continued vigilance and patient education and counselling to mitigate
the risks of COVID-19 infections and severe outcomes in vulnerable patient groups.

This expert group recognizes that COVID-19 continues to indirectly impact the lives of patients
with kidney disease. Active COVID-19 infections can cause missed follow-up appointments,
disruptions in dialysis sessions or treatments, and persistent infections that interfere with routine
clinical management. Given the evolving COVID-19 situation, clinicians should assess CKD patients
based on the following factors (Figure 3): (1) risk of exposure or infection, (2) existing protection
including vaccination status and booster doses, (3) patient-specific factors such as the nature and
severity of kidney disease and the degree of immunosuppression resulting from disease state or
treatment, and (4) clinical risk factors including age, complexity and severity of IC state and presence
of other high-risk conditions. Based on this assessment, clinicians can determine the urgency of
preventative measures and the appropriate course of treatment for infections. In this endemic phase,
CKD patients including those undergoing dialysis and KTRs should be considered as still vulnerable
to severe COVID-19 progression and risk-stratified accordingly.

What is the patient’s risk of exposure to 1 What patient-specific factors or risk

or infection with COVID-19? factors are present?

« Does the patient have severe kidney impairment
i ialysis?

« Does the patient have existing protection? ST BT e T

« |s the patient in need of or has the patient

* How many vaccine doses has the patient received .
undergone a transplantation?

in total and when was the patient’'s last vaccine

P
o= + s the patient taking immunosuppressive

ications?
* Has the patient received any booster doses, and if [t

sl W e « Are there any other factors that contribute to the

patient’s high risk? (e.g. age, comorbidities)

Figure 3. Key questions for guiding risk assessment and management of patients with CKD and
KTRs.
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Appendix A: Flow Diagram Describing Systematic Selection of Studies on COVID-19
Vaccination Response for Literature Review
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