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The COVID-19 pandemic has profound adverse effects on
the population on dialysis. Patients requiring dialysis are at
an increased risk of SARS-CoV-2 infection and mortality,
and many have experienced psychological distress as well
as delayed or suboptimal care. COVID-19 survivors have
prolonged viral shedding, but generally develop a robust
and long-lasting humoral immune response that correlates
with initial disease severity. However, protection against
reinfection is incomplete. A growing body of evidence
reveals delayed and blunted immune responses to SARS-
CoV-2 vaccination. Administration of a third dose within 1
to 2 months of prime-boost vaccination significantly
increases antibody levels, in particular in patients with poor
initial responses. Patients on dialysis have inferior immune
responses to adenoviral vector vaccines than to mRNA
vaccines. The immunogenicity of the mRNA-1273 vaccine is
markedly better than that of the BNT162b2 vaccine, most
likely by virtue of its higher mRNA content. Despite
suboptimal immune responses in patients on dialysis,
preliminary data suggest that vaccination partially protects
against infection and severe disease requiring
hospitalization. However, progressive waning of immunity
and emergence of SARS-CoV-2 variants with a high
potential of immune escape call for a booster dose in all
patients on dialysis 4 to 6 months after prime-boost
vaccination. Patients with persistent poor vaccine
responses may be candidates for primary prophylaxis
strategies. In the absence of specific data in patients on
dialysis, therapeutic strategies in the event of established
COVID-19 must be extrapolated from evidence obtained in
the population not on dialysis. Neutralizing monoclonal
antibodies may be an attractive option after a high-risk
exposure or during the early course of infection.
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globe have documented high short-term case fatality

rates of coronavirus disease 2019 (COVID-19) in pa-
tients on dialysis, ranging between 20% and 30%.'°
Population-based studies suggest a 4-fold increased mortality
compared to patients not on dialysis even after adjustments
for demographic factors and comorbid conditions that are
highly prevalent in patients on dialysis and are known to
affect disease severity, including hypertension, diabetes,
obesity, older age, cardiovascular disease, or poor socioeco-
nomic status.”® Chronic kidney disease is associated with
accelerated immunosenescence, the age-related decline in im-
mune functions, as well as with inflammaging, the low-grade
upregulation of certain pro-inflammatory responses that ac-
companies aging, leading to chronic activation and dysfunc-
tion of the innate immune system. Patients on dialysis with
fatal outcomes have a strikingly reduced time between symp-
tom onset and death,” "' suggesting a lack of adequate infec-
tion control in the early phase of the disease.

Asymptomatic infections account for 10% to 50% of cases
in the population on dialysis,'”'® depending on the diag-
nostic approach. Strikingly, baseline characteristics were not
different in patients with asymptomatic and symptomatic
infection,'>'” highlighting that as yet unidentified factors
determine disease course.

Although a comparison of disease severity in peritoneal
dialysis and hemodialysis is hampered by differences in baseline
patient characteristics, presentation and prognosis appeared
similar in small retrospective studies of hospitalized pa-
tients.'”'® Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has been identified in peritoneal effluent fluid in
some'” but not all studies.”” Whether peritoneal effluent fluid
represents a potential route of viral transmission remains moot.

The emergence of the variants of concern (VOCs) may
strongly affect disease course, because they are characterized
not only by increased transmissibility but also by the ability to
escape innate and acquired immune responses.”’ Four main
VOCs appeared worldwide in late 2020 to early 2021: B.1.1.7
(Alpha), B.1.351 (Beta), P.1 (Gamma), and B.1.617.2 (Delta).
The Delta VOC has globally displaced the other VOCs, is
highly transmissible, and has greater pathogenicity.”' The
more recently described B.1.1.529 variant (Omicron) displays
>30 changes in the spike (S) protein with a high potential of
infectivity and immune evasion and has outcompeted Delta
to globally predominate. The assessment of the virulence of

N umerous large multicenter studies from across the
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the VOC:s is biased by continuous improvement of preventive
and therapeutic strategies during the course of the pandemic.
Data on the impact of virus strain on disease severity in pa-
tients on dialysis are limited. Patients on hemodialysis
infected by a SARS-CoV-2 variant from the B.1.362 lineage
had significantly poorer outcomes and higher mortality rates
than did those infected by nonvariant SARS-CoV-2, despite a
lack of differences in baseline characteristics or treatment.””

The long-term consequences of COVID-19 in patients on
dialysis remain poorly described. A long COVID-19 syn-
drome, defined by the Centers for Disease Control and Pre-
vention as nonresolutive or newly occurring symptoms
beyond 4 weeks after initial infection,”” has been identified in
patients with very mild to severe COVID-19. The main
symptoms include fatigue, dyspnea, cardiac involvement,
muscle ache, headache, joint pain, or neuropsychological
disorders. Because these symptoms commonly occur in pa-
tients on dialysis, the prevalence of long COVID-19 is difficult
to assess. A recent study in 183 surviving patients on he-
modialysis with 6-month follow-up after the acute infection
identified no excess cardiovascular disease or mortality but
severe cachexia and extreme muscle weakness in 13% of
patients.”*

Impact on the population on dialysis

In early 2020, an excess mortality of 15% to 20% (corre-
sponding to 7000-10,000 deaths) was observed in the US
population on dialysis.”””° In contrast, other regions reported
no overall excess mortality, because COVID-19-related
mortality was balanced by lower than anticipated mortality in
noninfected patients on dialysis, possibly by a lower incidence
of other respiratory infections by virtue of droplet infection
prevention measures. Although regional disparities were
observed, in the United States the number of incident patients
and the mean estimated glomerular filtration rate at dialysis
initiation were significantly lower in 2020 than in previous
years, particularly in elderly patients and non-Hispanic
Blacks.””*® Overall, the size of the US population on dial-
ysis shrunk by 1.6% in 2020.”

The rate of hospitalization unrelated to COVID-19 also
declined significantly,” suggesting difficulties in accessing
care. In addition, logistical constraints during the first wave
resulted in decreased weekly dialysis time in noninfected
patients.”’ Furthermore, a sharp reduction in kidney trans-
plantation occurred during the first wave in 22 countries
worldwide.”' Although data on the benefit of renal trans-
plantation during the pandemic are conflicting,”””” many
transplantation programs were interrupted. Finally, patients
on dialysis have experienced major psychological distress
owing to exposure to a new disease without effective treat-
ment and high case fatality rates.”

Assessment of the immune response to infection and
vaccination

A critical challenge is to identify valid and reproducible bio-
markers of the humoral and cellular immune responses to
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infection or vaccination (Figure 1) and link these to clinical
outcomes.

Humoral response. The humoral immune response to
SARS-CoV-2 is mediated by antibodies directed to viral
proteins, mainly the nucleocapsid protein and the S protein.
Anti-nucleocapsid antibodies can be used to diagnose
breakthrough infections, because they are specific to infection
and not induced by vaccination. The humoral response to
vaccination is usually assessed by the measurement of anti-S
antibodies. = A large number of enzyme-linked
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Figure 1| Immune response to infection and vaccination. Viral
proteins are taken up by antigen presenting cells (APCs) that
generate a range of pro-inflammatory cytokines. The antigens are
presented to naive T cells that differentiate into different types of
cells. T follicular helper (Tgy) cells assist B cells to differentiate into
plasma cells that produce antigen-specific antibodies to neutralize
the virus. A broad range of antibodies are generated against
multiple epitopes on the spike protein, but those directed against
the highly immunogenic receptor-binding domain appear to have
the greatest neutralizing potential because they disrupt the
interaction between the spike protein and the angiotensin I
converting enzyme 2 receptor. Effector T cells destroy virus-infected
cells. Macrophages phagocytose and digest antibody-tagged virus
and virus-infected cells. Antigen-specific memory B and T cells
develop to prevent future infection. In parallel with the serological
response, antigen-specific memory B cells continuously acquire
somatic mutations in their variable region genes to improve
antigenic affinity. Upon antigenic reexposure, memory B cells drive
the recall response by differentiating into high-affinity antibody-
secreting plasma cells. Although antibody levels wane, antigen-
specific memory B cells progressively become more numerous and
mature.
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immunosorbent assay tests are commercially available, but
each has its own cutoff value for positivity and reference
range, hampering comparison between assays. The World
Health Organization has attempted to introduce standardi-
zation by virtue of the World Health Organization Interna-
tional Standard study,”” which provides the mathematical
relationship of the individual test units to the World Health
Organization binding antibody units (BAUs).

The key question is whether antibody levels can serve as a
valid surrogate marker for protection against (re)infection.
Data from 7 large vaccination trials and a convalescent cohort
revealed a strong relationship between neutralization anti-
body levels early after vaccination or infection and subsequent
protective efficacy,”® suggesting the higher the antibody levels,
the better the protection from (re)infection. The estimated
neutralizing antibody level required for protection from se-
vere disease appeared to be ~6-fold lower than the level
required for protection from any symptomatic infection.”® A
large study in vaccinated health care workers revealed that the
risk of a breakthrough infection was associated with the
neutralizing antibody titer during the peri-infection period
but even stronger with the peak neutralizing antibody titer
after vaccination,”” corroborating the value of neutralizing
antibody levels as an immune correlate of protective efficacy.
A threshold of 264 BAUs/ml, which is associated with an 80%
protection against symptomatic COVID-19 caused by the
Alpha variant, is currently considered as protective.”

The emergence of VOCs has added a layer of complexity to
the assessment of the humoral response. The commercially
available anti-S and anti-receptor-binding domain (RBD)
enzyme-linked immunosorbent assay tests have been designed
on the basis of the S protein sequences of the original virus that
were deposited in January 2020. As such, they may not capture
all antibodies that are generated against severely mutated S
proteins and thus underestimate the strength of the natural
humoral response to VOCs. Conversely, levels of antibodies
induced by vaccines based on the S protein sequences of the
original virus may overestimate the true effectiveness of
vaccine-induced humoral immunity against VOCs.

Cellular response. The cellular immune response is likely
an important component of the protective adaptive immu-
nity, but its assessment is labor intensive and beyond the
abilities of a routine clinical laboratory. Quantification of
SARS-CoV-2-specific cellular immunity requires stimulation
of whole blood with SARS-CoV-2 peptide pools. Subse-
quently, proliferation of specific lymphocyte subpopulations,
activities of certain signaling pathways, or generation of a
number of cytokines (e.g., interferon-y and interleukin-2) is
measured. For none of these tests, the cutoff value that cor-
relates with protection against infection is known.

Response to infection in patients on dialysis

Viral clearance. Patients with chronic kidney disease and
in particular those on dialysis characteristically have delayed
viral clearance after the resolution of clinical SARS-CoV-2
infection.”” "' The median time from admission to the first
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negative polymerase chain reaction test was 18 days in pa-
tients with chronic kidney disease versus 11 days in patients
without chronic kidney disease, with impaired kidney func-
tion as an independent predictor of time to viral clearance.”
More than two-thirds of patients on hemodialysis remained
polymerase chain reaction positive 20 days after symptom
onset.”” Existing symptom- and time-based strategies to
inform the decision to lift quarantine may therefore not be
applicable to the population on dialysis. The challenge is to
differentiate between the presence of remnant viral RNA and
replication-competent (and therefore infectious) virus,
because unnecessary prolonging of isolation has adverse
logistical and psychological effects. Although no single labo-
ratory method can serve as a reliable predictor of viral
infectivity, there is a strong association between quantitative
viral load data, polymerase chain reaction cycle threshold
values, and the ability to recover SARS-CoV-2 in viral cul-
ture."” A pragmatic approach could be to discontinue quar-
antine when the viral load is <100,000 copies/ml,
corresponding to a cycle threshold value of >28 to 31,
depending on the type of analyzer (e.g., cobas 6800 [Roche],
RespiTAC [Qiagen], and GeneXpert [Cepheid]) and gene
target (nucleocapsid, Open Reading Frame-1 [Orf-1],
RNA-dependant RNA Polymerase [RARP], and E gene;
M. Reynders, MD, PhD, oral communication, November 2021).

Humoral and cellular response.  After natural SARS-CoV-2
infection, the large majority of patients on hemodialysis
develop a robust antibody response.””**>' These observa-
tions are somewhat counterintuitive in view of the high
mortality rates of COVID-19 in the population on hemodi-
alysis and may be partially accounted for by survivor bias,
because humoral responses may be better in patients who
have recovered from SARS-CoV-2 infection. An alternative
explanation may be that patients on hemodialysis develop
more severe disease, produce higher levels of pro-
inflammatory cytokines, and have prolonged viral shedding,
resulting in more intense immune stimulation. Indeed, pa-
tients on hemodialysis with a history of severe polymerase
chain reaction—confirmed SARS-CoV-2 infection requiring
hospitalization had higher antibody levels than did patients
who developed only mild or asymptomatic disease, but the
decay trajectory of the antibodies was similar in both
groups.’” Likewise, symptomatic patients had higher antibody
levels than did asymptomatic individuals.**® Lack of sero-
conversion has been observed in 5% to 10% of patients on
hemodialysis*>** and could mainly be attributed to immu-
nosuppressive drugs or chemotherapy.*’

Most studies show durable humoral immune responses in
patients on hemodialysis with a slow decline over
time*>****7#97192 and a longevity that is commensurate
with that of the general population. Serological responses
have been reported to persist up to >1 year, with a faster
decay of anti-nucleocapsid IgG than of anti-S IgG.””

Data on the cellular response after natural infection in
patients on dialysis are limited.””” Interferon-y secretion
upon SARS-CoV-2 antigen exposure in the absence of
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measurable antibodies was identified in 8 of 11 survivors 6
months after infection.”'

Protection against reinfection. Although seropositivity
seems to afford protection against reinfection,*°* this
protection is clearly incomplete. An observational study in
2337 patients on hemodialysis revealed that serological evi-
dence of past SARS-CoV-2 infection was associated with a
45% and 79% reduction of the risk of subsequent SARS-CoV-
2 infection and clinically manifest COVID-19, respectively.”*
For comparison, a large prospective study in health care
workers found that antibody positivity conferred a ~90%
reduction of the risk of reinfection.’

The impact of the cellular response on the risk of rein-
fection in patients on dialysis remains ill-defined.

It should be noted that the reported studies have been
conducted when the wild-type virus was the most prevalent
strain. The ability of naturally acquired immunity to prevent
reinfection with the Delta and Omicron VOC has not been
studied in patients on dialysis.

Response to vaccination in patients on dialysis

Humoral response. A recent elegant review summarized
22 studies reporting on early seroconversion rates after
COVID-19 mRNA vaccination in patients receiving hemodi-
alysis, 11 of which included a control group generally con-
sisting of health care workers.” Not included in this review
are 2 large multicenter studies’””® as well as a number of
more recently published smaller studies.”

The emerging picture is that the development of the
serological response in dialysis is substantially delayed. In
healthy volunteers, the peak response was achieved at 4 to 5
weeks after the first vaccine dose with stable values thereafter,
whereas antibody titers continued to rise in patients on
hemodialysis.”

The pooled estimate of the antibody response rate in pa-
tients receiving hemodialysis was 45% and 89% after the first
and second dose, respectively.”® At first sight, response rates
after the second dose do not compare unfavorably with 95%
to 100% seroconversion rates in healthy controls. However,
seroconversion rates describe only the proportion of patients
who cross the detection limit of the antibody test but do not
provide information on the size and quality of the humoral
response. Indeed, antibody levels are significantly lower in
patients on hemodialysis than in healthy volunteers.”**” As
an example, 8 weeks after BNT162b2 (Pfizer-BioNTech)
vaccination, only 26% of COVID-19-naive patients on he-
modialysis but 84% of COVID-19-naive healthy volunteers
achieved a titer above 590 BAUs/ml.”

In multivariate analyses, use of immunosuppressive drugs,
low serum albumin level, low lymphocyte count, low IgG
levels, hepatitis B vaccine nonresponder status, high dialysis
vintage, and high i.v. iron dose were identified as independent
predictors of a poor serological response.”®®"’%"" Age was
retained as an independent predictor in some™”*"**’" but not
all studies,”®”" possibly because of the differences in the type
and number of parameters included in the multivariate
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analyses. It is tempting to speculate that markers of immu-
nosenescence may be better predictors of the immune
response than chronological age per se. Antibody titers were
numerically higher in peritoneal dialysis than in hemodialysis
in some’*”* but not all studies.”””

COVID-19 experience results in a strong vaccine-induced
response.” 7% QOverall, the response in COVID-19—
experienced patients on dialysis was in the same range as that
in COVID-19-naive healthy volunteers, but a significant
correlation was found between the intensity of the vaccine-
induced immune response and the severity of the historical
SARS-CoV-2 infection.”

A third vaccine dose, generally given 1 to 2 months after
the second dose, significantly increased antibody levels in
almost all patients on dialysis.”” ** Patients with poor initial
responses appeared to derive the most relative benefit,
whereas those with high antibody titers after the second dose
featured more modest increases.”” Interestingly, serum from
patients with an absent or low response after the second dose
who subsequently received a third dose had a greater
neutralizing capacity than did serum from patients with a
high response to standard prime-boost vaccination.”” The
response to the booster dose was similar in patients on he-
modialysis and patients on peritoneal dialysis.”’

Protection against the SARS-CoV-2 VOCs may require
higher antibody levels. Studies conducted in the general
population revealed that the vaccine-induced neutralizing
activity was only mildly reduced against Alpha, but 5- to 12-
fold lower against Beta, 5-fold lower against Gamma, 6-fold
lower against Delta, and 10-fold lower against Omicron as
compared with the activity against wild-type viruses.***’
Data in patients on hemodialysis are limited. The neutral-
izing activity of serum taken 3 weeks after the second
BNT162b2 or mRNA-1273 dose in patients on dialysis was
significantly lower against Beta than Alpha®® and against Delta
than the wild-type virus.*” Although BNT161b2 vaccination
induced comparable neutralizing response against VOCs in
patients on dialysis and those not on dialysis, the adenovirus-
based vaccine AZD1222 (AstraZeneca) had lower immuno-
genicity.”’ A third vaccine dose induced neutralizing anti-
bodies against the wild-type virus in the large majority of
patients, but less than a third developed neutralizing anti-
bodies against Delta.”” In a recent study of hemodialysis pa-
tients from the UK, homologous vaccination with 3
BNT161b2 doses resulted in quantifiable neutralizing anti-
bodies against Delta and Omicron in the majority of subjects.
In contrast, heterologous vaccination with 2 AZD1222 doses
and a BNT161b2 booster dose generated quantifiable
neutralizing antibodies against Delta in more than 50% of
patients, but the neutralizing antibodies against Omicron
were below the quantifiable range in more than 50% of
patients.”’

Data on the longevity of the humoral response to vacci-
nation in patients on dialysis are rapidly emerging’*’">""
(Table 1) and reveal a gradual waning of antibody levels
with a rate of decline similar to that in the general population.

Kidney International (2022) 101, 883-894
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Table 1| Studies on long-term humoral immune response to SARS-CoV-2 vaccination in patients on dialysis

Population
Study sample size Control group Vaccine Sampling time Test type Findings
De Vriese et al.®? 492 HD (436 naive) 75 naive HV mRNA-1273 (n = 180) 24 wk Anti-S (Abbott) GMT: HD naive: 702 (mRNA-1273), 226
BNT162b2 (n = 256) (BNT162b2)
HD exp: 6671 (MRNA-1273), 5220
(BNT162b2)
HV naive: 4046 (MRNA-1273), 1521
(BNT162b2)
Decline between 8 or 9 and 24 wk: +80%
in HD and HV
Angel-Korman et al.”* 409 naive HD 148 naive HV BNT162b2 82-89 d Anti-S (DiaSorin) GMT: HD: 23.3
HV: 222.7
Anand et al.” 2563 D - mRNA-1273 (n = 1259) 4-6 mo Anti-RBD (Siemens) No detectable
BNT162b2 (n = 1197) antibody: mRNA-1273: 11%  at 5-6 mo
Ad26.COV2.S (n = 107) BNT162b2: 31% at 5-6 mo
Ad26.COV2.S: 57% at 4-5 mo
Hsu et al.”” 1567 naive D - mRNA-1273 (n = 779) 1 mo Anti-RBD (Siemens) Median: mRNA-1273: from 20 (1 mo) to 6.2
BNT162b2 (n = 441) 6 mo (6 mo)
Ad26.COV2.S (n = 347) BNT162b2: from 20 (1 mo)
to 1.3 (6 mo)
Ad26.COV2.S: from <1 (1 mo)
to <1 (6 mo)
Davidovic et al.*® 41 HD - BNT162b2 4 wk Anti-S (DiaSorin) Median: from 1110 (4 wk) to 85.6 (6 mo)
6 mo
Goggins et al.®” 35 HD - BNT162b2 Monthly Anti-S (Euroimmun) Mean: 648 (2 mo), 491 (3 mo), 366 (4 mo),
to 6 mo 302 (5 mo), 178 (6 mo)
Speer et al”* 114 naive HD - BNT162b2 3 wk Anti-S (Siemens) Median: anti-S: HD: from 7 (3 wk) to 3
41 naive PD 12 wk SNA (medac) (12 wk)
PD: from 22 (3 wk) to
7 (12 wk)
Median: SNA: HD: from 56% (3 wk) to
45% (12 wk)
PD: from 77% (3 wk) to
55% (12 wk)
Einbinder et al.”® 118 naive HD - BNT162b2 6 mo Anti-S (Abbott) Median/mean: HD: 133/400
64 naive PD PD: 285/384

D, dialysis (home hemodialysis, in-center hemodialysis, and peritoneal dialysis); GMT, geometric mean titer; HD, hemodialysis; HV, healthy volunteer; naive, coronavirus disease 2019 naive; PD, peritoneal dialysis; S, spike protein;
RBD, receptor-binding domain; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SNA, surrogate neutralizing antibody.
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Not unsurprisingly, more durable responses were observed
when the initial titers were higher, for example, in patients on
peritoneal dialysis and in mRNA-1273 vaccine recipients.”

Cellular  response. Prime-boost mRNA vaccination
induced CD4+ T cell responses in 60% to 100% of patients
on dialysis, a proportion who is similar to or slightly reduced
compared with controls.””>>°"°*?%%? The magnitude of the
CD4+ T cell response in patients on hemodialysis paralleled
that in controls in some’”®” but not all studies.”® S-specific
CD4+ T cell responses generally”” **”® but not always®'
correlated with anti-RBD IgG, in line with the cooperation
between CD4+ T cells and B cells to generate I1gG. Factors
independently associated with CD4+4 T cell responses
included prior SARS-CoV-2 exposure, immunosuppression,
nutritional status, lymphopenia, and dialysis vintage.”® CD8+-
T cell responses were observed in <50% of patients on
dialysis, a proportion similar to that of healthy controls.”
Factors negatively associated with CD8+ T cell responses
included immunosuppression and absence of humoral
response.”’

In a cohort of 23 patients on dialysis, a third vaccine dose
led to an increase of CD4+ T cells specific for the wild-type
and Delta variants. No effect on CD8-+ T cells was observed.*”
However, in another study of 75 patients on dialysis, the third
dose given within 3 months of the second dose did not
significantly affect the CD4+ T cell response, even after
stratification for responder status after the second dose.*’

A study of the B cell response in 44 patients on dialysis 7
days after a BNT162b2 boost revealed impaired induction of
effectors of B cell immunity (e.g., memory B cells and plas-
mablasts) compared with healthy controls, in line with the
defective antibody response.”” In contrast, another study
found a similar proportion of RBD-specific memory B cells 1
to 2 months after a BNT162b2 boost in patients on dialysis
and controls, despite lower antibody levels in patients on
dialysis (Attias, MD, unpublished data, 2022). Although a
third dose, given 3.5 months after the second dose, induced
a strong RBD-specific memory B cell expansion in
SARS-CoV-2-naive patients, this B cell compartment
remained unchanged in SARS-CoV-2-experienced patients,
suggesting no benefit of an early third dose in these patients.

Vaccine type. In accordance with data in health care
workers,'”’ several studies reported a remarkably better
immunogenicity of the mRNA-1273 vaccine (Moderna)
compared with the BNT162b2 vaccine in patients on hemo-
dialysis.”””*"*'" As an example, geometric mean antibody
titers were significantly greater and a larger proportion of
patients achieved the threshold of 590 BAUs/ml with the
mRNA-1273 vaccine (573 BAUs/ml and 53.6%) as compared
with the BNT162b2 vaccine (221 BAUs/ml and 31.8%) 8 to 9
weeks after the first dose.”® Similarly, cellular responses were
more robust in mRNA-1273 than in BNT162b2 re-
cipients.”®" Both mRNA vaccines consist of mRNA encoding
for the SARS-CoV-2 S glycoprotein encapsulated in lipid
nanoparticles and have no other content relevant to immu-
nogenicity. However, the mRNA dose of mRNA-1273 (100
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lig) is substantially higher than that of BNT162b2 (30 Lg).
Additional discriminatory elements are the longer interval
between priming and boosting for mRNA-1273 (4 weeks)
than for BNT162b2 (3 weeks) and a better thermostability
and ease of handling of the former. Both mRNA vaccines
showed near-maximal clinical efficacy in large randomized
trials,'°>'% but the results were obtained on the short-term in
healthy volunteers when the wild-type virus was dominant.
Whether the better immunogenicity of the mRNA-1273
vaccine will translate into superior protection of vulnerable
populations in the context of waning immunity and more
resistant SARS-CoV-2 variants remains to be determined.

Data on the immunogenicity of the other vaccine plat-
forms in the population on hemodialysis are scarcer. The
neutralizing ability of serum obtained from 178 COVID-19-
naive patients on hemodialysis 33 days after full vaccination
with BNT162b2 or AZDI1222 was assessed in vitro.”
Compared with BNT162b2 recipients, AZD1222 recipients
had a markedly lower capacity to neutralize Alpha (>4-fold
reduction), Beta (>3-fold reduction), and Delta (>6-fold
reduction).”’ Another study found a nonsignificant lower
seroconversion rate in AZD1222 recipients (70.6%) than in
BNT162b2 recipients (81.8%).'"* Finally, in 76 patients on
hemodialysis the antibody responses were lower with the
Ad26.COV2.S vaccine (Johnson & Johnson) than with mRNA
vaccines.*”

The durability of the serological response correlates with
the robustness of the initial response. Of the 1567 COVID-
19-naive patients on dialysis, 67.5% of Ad26.COV2.S, 32.1%
of BNT162b2, and 12.3% of mRNA-1273 recipients had
undetectable antibodies 4 months after vaccination.”” Like-
wise, in a cohort of 2563 COVID-19-naive patients on dial-
ysis, anti-RBD antibodies had disappeared in 57% of
Ad26.COV2.S recipients 4 to 5 months after vaccination and
in 31% and 11% of BNT162b2 and mRNA-1273 recipients 5
to 6 months after vaccination.”

Protection against infection. Because there are currently
no universally accepted and validated biomarkers for pro-
tection against SARS-CoV-2 infection, disease, and mortality,
only data on the incidence and severity of breakthrough in-
fections (i.e., infection >2 weeks after full vaccination) can
provide definitive answers on the real-world effectiveness of
the COVID-19 vaccines. Reliable data are notoriously difficult
to obtain, because the degree of vaccination of the general
population and the population on dialysis, the infectiousness
and virulence of the prevalent SARS-CoV-2 VOCs, and the
local dynamics of the pandemic all have to be taken into
account. In a retrospective cohort of >35,000 patients on
dialysis from the United States, the hazard ratio for COVID-
19 diagnosis was 0.22 and 0.27 after BNT161b2 and mRNA-
1273 vaccination, respectively, as compared with propensity
score-matched unvaccinated controls.'”” Modeling of data
from hospitalizations after a SARS-CoV-2 infection in 3620
patients on dialysis and 457,160 people from the general
population in France revealed a reduced hospitalization rate
in the population on dialysis over time that was
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independently associated with vaccination coverage of pa-
tients on dialysis and their same-age peers from the general
population.'” In a cohort of 15,251 patients on maintenance
dialysis observed between February 1 and August 26, 2021,
fully vaccinated patients were significantly less likely to be
diagnosed or hospitalized with COVID-19."”" Nevertheless,
26% of new SARS-CoV-2 infections, 27% of COVID-19—
related hospitalizations, and 33% of COVID-19-related
deaths occurred in fully vaccinated patients. The vast majority
of these had very low or undetectable antibody levels at the
time of COVID-19 diagnosis, generally because they had
never developed an initial humoral response.'’” Breakthrough
infections particularly occurred when Delta and Omicron
became the dominant strains and were most common in
Ad26.COV2.S recipients and least common in mRNA-1273
recipients.'”’ In another cohort of 2563 vaccinated patients
requiring dialysis, 56 breakthrough infections (of which 25
required hospitalization) were identified after a median time
from vaccination of 110 days, in particular in patients with
low peak and peri-infection anti-RBD antibody levels.”*
Taken together, preliminary data reveal a substantial but
incomplete clinical effectiveness of the SARS-CoV-2 vaccines
in patients on dialysis.

Optimization of the vaccination strategy. The presence of
antibodies does not automatically track with functional hu-
moral or cellular immunity required for long-term protection
against SARS-CoV-2. However, they are currently the best
surrogate markers to design and validate the optimal

Vaccine-naive patient on dialysis
COVID-19 naive/experienced

L

Prime-boost vaccination with
high-dose mRNA vaccine

y» Documented poor response
Risk factors for poor response

Adequate response?
Booster dose:

4-6 mo after prime-boost <
(2 or 3 doses)
or

Y

Extra dose mRNA vaccine
>4 wk after prime-boost

Low response

Response waning during follow-up
|

Documented poor response ‘

No response

‘Adequate responsea

‘ Consider primary prophylaxis 1(—

Figure 2| Proposal for a vaccination strategy in patients on
dialysis. °An adequate response to vaccination can be defined as
antibody levels above a certain antibody threshold 4 weeks after
vaccination, for example, 264 binding antibody units (BAUs)/ml.*® A
low response can be defined by antibody levels >0 BAU/ml

but <264 BAUs/ml. These thresholds need to be redefined for Delta
and Omicron. The benefit of primary prophylaxis against variants of
concern (VOCs) has not been demonstrated.
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vaccination strategy in patients on dialysis (Figure 2).”* The
extant evidence suggests that not all vaccines are created
equal. Hemodialysis and other vulnerable populations with
blunted vaccine responses should therefore receive the most
immunogenic vaccines, in casu the mRNA vaccines. The
observed differences between mRNA-1273 and BNT162b2
suggest a cardinal role for dose and may be conducive to the
future development of high-dose vaccines.

An additional dose administered with an interval of at least
4 weeks after the second dose appears especially effective in
patients with initially poor or absent responses. As such,
patients with a documented poor response or at high risk of a
poor response based on their clinical profile may be candi-
dates for an additional vaccine dose. The progressive waning
of immunity and appearance of VOCs with a high potential of
immune evasion is prompting the administration of a booster
dose 4 to 6 months after prime-boost vaccination in all pa-
tients on dialysis. A small subgroup (estimated to represent
5%-10% of the population on dialysis) will not mount a
protective response following such an approach. As further
vaccine doses are unlikely to be effective, these patients may
instead benefit from pre-exposure prophylaxis, although
monitoring the effectiveness of this strategy against future
variants will require further studies. A combination of 2 long-
acting monoclonal antibodies (tixagevimab and cilgavimab;
AZD7442, AstraZeneca) that target 2 distinct RBD epitopes
was associated with an 83% reduction of symptomatic
COVID-19 at 6 months in a primary prevention setting (Pre-
exposure Prophylaxis of COVID-19 in Adult [PROVENT]
trial).'”® Nasal administration of the potent anti—-SARS-CoV-2
agent niclosamide is currently evaluated as a means to prevent
COVID-19 in vulnerable patient populations, including pa-
tients on dialysis (PROphylaxis for paTiEnts at Risk of
COVID-19 infecTion -V [PROTECT-V]; ClinicalTrials.gov
identifier: NCT04870333).

Finally, ring vaccination of household members and other
close contacts is mandatory in patients on dialysis, particu-
larly in those with a suboptimal response to vaccination.'*®

The continuous emergence of VOCs that partially evade
the immune response to vaccines based on the original virus
strain presents a gargantuan challenge to vaccine develop-
ment. An updated mRNA-1273 vaccine encoding for the S
protein of Beta was highly effective in animal models.'”” In
the meantime, however, Beta has been completely replaced by
the far more contagious Delta and Omicron and is therefore
no longer clinically relevant. Several companies have already
announced the development of an Omicron-specific vac-
cine."'”"""* Preliminary evidence fortunately reveals a greatly
increased neutralization efficiency after receipt of a third
vaccine dose.''™''" Ultimately, we may need second-
generation coronavirus vaccines that protect against all
known and future VOCs. A fascinating study from Singapore
found that serum from survivors of the SARS outbreak in
2002 to 2003 who were vaccinated with BNT162b2 had the
ability to neutralize SARS-CoV-1, all SARS-CoV-2 variants, as
well as several bat and pangolin coronaviruses with potential
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Table 2| Overview of COVID-19 therapies under investigation

Antiviral interventions

Monoclonal antibodies
Bamlanivimab 700 mg/etesevimab 1400 mg
Casirivimab 600 mg/imdevimab 600 mg
Sotrovimab 500 mg

Small molecule antivirals
Remdesivir
Molnupiravir
Paxlovid

Interventions for the inflammatory response phase

Corticosteroids

Interleukin-6 receptor antagonists: tocilizumab and sarilumab
Janus kinase inhibitors: baricitinib and tofacitinib
Interleukin-1 receptor antagonist: anakinra

Anti-GM-CSF monoclonal antibodies

Interferon beta-1a

COVID-19, coronavirus disease 2019; GM-CSF, granulocyte-macrophage colony-
stimulating factor.

to cause human infection.''” These findings suggest that it
must be feasible to develop a pan-sarbecovirus vaccine
through a mechanism of cross-clade boosting. Finally, the
potential role of intranasal vaccines has garnered attention by
the observation that viral loads are similar in the nose of

Table 3| Overview of therapeutic options in COVID-19

vaccinated and unvaccinated individuals with SARS-CoV-2
infection."'® Intranasal vaccine delivery may induce mucosal
immunity in the respiratory tract, reduce viral shedding in the
nose, and thus block viral transmission.

Safety. The short-term adverse effects of vaccines are less
common and severe in patients on hemodialysis than in
healthy volunteers,”® commensurate with their immunoge-
nicity in these populations. The tolerance of the second and
third vaccine doses in patients on hemodialysis appears
similar.”” Severe adverse effects are rare in the population on
dialysis. In an online survey from the United States, 20% of
responders reported vaccine hesitancy, about half of which
expressed concerns about adverse effects.'” The odds of
vaccine hesitancy were higher in younger, female, Black,
Native American, or Pacific Islander patients.''’

Treatment

Treatment strategies for COVID-19 are rapidly evolving. As
for now, therapy is still largely supportive and focused on the
prevention of complications.

Because SARS-CoV-2 S interacts with angiotensin-
converting enzyme 2 to enter host cells, the role of renin-
angiotensin system (RAS) blockers in SARS-CoV-2 severity
has been the subject of intense research. In a French

Hospitalized: mild-to-
moderate disease without
need for supplemental

Treatment Ambulatory care oxygen

Hospitalized: critical
disease (e.g., mechanical
ventilation, septic shock,

and ECMO)

Hospitalized: severe but
noncritical disease
(Spo <94% on room air)

Corticosteroids

IL-6-RA

JAKi

Remdesivir®

Monoclonal antibodies Suggest use

Bamlanivimab/etesevimab:
70% lower hospitalization/
mortality. Casirivimab/
imdevimab: 73% lower
hospitalization.
Sotrovimab: 86% lower

hospitalization

Suggest against use

Recommend use; 34%
lower mortality

Suggest use if CRP level
> 75 mg/I

Suggest use; 17% lower
mortality

Suggest use if CRP level
> 75 mg/l; 17% reduced
clinical deterioration, trend
toward lower mortality

Suggest use; up to 38%
lower mortality; not to be
associated with IL-6 inhibitors;
more infections when
associated with
glucocorticoids; no data if
eGFR < 30 ml/min per 1.73 m?
or immunodepression

Suggest use; trend toward
clinical improvement (no
benefit on mortality);
accumulation in ESKD?

Suggest against use

COVID-19, coronavirus disease 2019; CRP, C-reactive protein; ECMO, extracorporeal membrane oxygenation; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney
disease; IL-6, interleukin-6; IL-6-RA, interleukin-6 receptor antagonist; JAKi, Janus kinase inhibitor; Spo,, oxygen saturation.

#No longer recommended in the European Respiratory Society guidelines.

Modified from the Infectious Diseases Society of America and European Respiratory Society treatment guidelines, accessed December 19, 202
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nationwide study of almost 2 million hypertensive people,
RAS blockers were associated with a 16% to 26% lower risk of
hospitalization for COVID-19 as compared with calcium
channel blockers.''® However, these results were not repro-
duced in other nationwide studies.''” Moreover, losartan
introduction did not reduce hospitalization rate in a ran-
domized controlled trial of 117 patients with mild symp-
tomatic COVID-19."*" Data in the population on dialysis are
scarce. In a retrospective cohort of 248 patients on dialysis
with COVID-19, RAS blockers were associated with a 50%
reduced risk of mortality after propensity score matching.'*’
However, data from the European Renal Association—
European Dialysis and Transplant Association (ERA-EDTA)
Registry obtained in 1052 patients on dialysis with COVID-19
disclosed no modification of fatality risk by RAS blockers after
multiple adjustments, despite a trend toward a lower rate of
hospitalization.'”* To date, no evidence suggests that RAS
blockers should be introduced or discontinued after COVID-
19 diagnosis in patients on dialysis, unless in case of obvious
contraindication.

Thrombotic events are a major cause of COVID-19

morbidity.'*»'** Patients on dialysis with COVID-19 may
experience arteriovenous fistula thrombosis,'>> mechanical
dysfunction of the catheter, or circuit clotting,'**'*’ although

no excess of vascular access thrombosis was observed in
another study of 601 patients with arteriovenous fistula/
graft.'”® Prophylactic anticoagulation is an essential thera-
peutic strategy for patients on dialysis, in accordance with the
recommendations for the population not on dialysis. Anti-
coagulation protocols are derived from those in the general
population'*” and adapted to the dialysis modality (inter-
mittent vs. continuous) and ventilation/oxygenation proced-
ures in critically ill patients.'**

Since March 2020, numerous therapeutic strategies to
control COVID-19 have been or are currently under inves-
tigation (Table 2). Only those shown to be effective and
officially recommended by the Infectious Diseases Society of
America or European Respiratory Society will be discussed
(Table 3)."*° Because most prospective therapeutic trials have
excluded patients on dialysis for safety reasons'’' (including
studies of novel antivirals against SARS-CoV-2 with prom-
ising results'’?), therapeutic strategies in patients on dialysis
are extrapolated from evidence obtained in the population
not on dialysis.

Glucocorticoids are now standard treatment in patients
with severe to critical disease by virtue of their benefit in the
hyperinflammatory phase of COVID-19."”” Interleukin-6
receptor antagonists (tocilizumab and sarilumab) are pro-
posed in hospitalized patients with severe or critical illness
and elevated inflammation markers, with the intention to
limit the hyperinflammatory syndrome.'** The Janus kinase
inhibitors baricitinib and tofacitinib are proposed in patients
with severe noncritical disease.

Remdesivir, a nucleotide analogue that inhibits SARS-
CoV-2 RNA transcription, has shown limited benefit in
hospitalized patients needing oxygen supplementation, but
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not in patients on invasive ventilation or extracorporeal
membrane oxygenation.'”'*® Remdesivir and its active me-
tabolites are predominantly eliminated by the kidneys.
Remdesivir was well tolerated in an observational study of 48
patients on dialysis with SARS-CoV-2 infection."”’

Neutralizing monoclonal antibodies targeting the RBD of
the S protein to inhibit virus entry in host cells are a thera-
peutic option in ambulatory mild to moderate COVID-19 at
high risk of progression,'”* """ but may be less effective in
already hospitalized patients.'*” The efficacy of neutralizing
antibodies against Delta and Omicron are the subject of
intense research.'*’ Neutralizing antibodies are well tolerated,
and no evidence suggests specific adverse effects in patients on
dialysis. Concerns have been raised regarding the selection of
resistant SARS-CoV-2 variants in immunocompromised pa-
tients, including patients on dialysis.'** Although no studies
have been performed specifically in the population on dial-
ysis, they represent an attractive option after a high-risk
exposure or during the early course of infection.

Conclusion

The dramatic impact of the COVID-19 pandemic on the
population on dialysis has stimulated collective efforts to
unravel the pathophysiology of COVID-19 and develop
effective preventive and therapeutic measures. An optimized
vaccination strategy and actions to improve vaccine accep-
tance clearly have the best chances at success, along with
continued attention to droplet infection prevention measures.
Patients with inadequate responses to vaccination may be
candidates for a primary prevention strategy. The prevalence
of long-lasting physical and neuropsychological consequences
of past infection, the protective efficacy of natural and
vaccine-induced immunity against new virus variants, and the
long-term consequences of the pandemic on a population
scale are among the many subjects that require further
research. The fight against this pandemic is far from over.
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