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ABSTRACT

Despite progressive improvements in the management of patients with coronavirus disease 2019 (COVID-19), individuals
with end-stage kidney disease (ESKD) are still at high risk of infection-related complications. Although the risk of
infection in these patients is comparable to that of the general population, their lower rate of response to vaccination is
a matter of concern. When prevention strategies fail, infection is often severe. Comorbidities affecting patients on
maintenance dialysis and kidney transplant recipients clearly account for the increased risk of severe COVID-19, while
the role of uremia and chronic immunosuppression is less clear. Inmune monitoring studies have identified differences
in the innate and adaptive immune response against the virus that could contribute to the increased disease severity. In
particular, individuals on dialysis show signs of T cell exhaustion that may impair antiviral response. Similar to kidney
transplant recipients, antibody production in these patients occurs, but with delayed kinetics compared with the general
population, leaving them more exposed to viral expansion during the early phases of infection. Overall, unique features
of the immune response during COVID-19 in individuals with ESKD may occur with severe comorbidities affecting these
individuals in explaining their poor outcomes.

LAY SUMMARY

People with end-stage kidney disease, both those on dialysis and the recipients of a kidney transplant, are at high risk
of coronavirus disease 2019-related complications. Their lower rate of response to vaccination is a matter of concern
and, when prevention strategies fail, infection is often severe. Chronic kidney failure per se and immunosuppressive
therapies have been shown to impair their immune responses against the virus. A more in-depth understanding of
how their immune system responds to severe acute respiratory syndrome coronavirus 2 infection and vaccination is
critical to identify effective prevention and treatment strategies.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) mainly targets the respiratory tract, leading to a wide
range of clinical manifestations, from asymptomatic to mildly
symptomatic forms involving the upper respiratory tract, to ex-
tremely aggressive cases of acute respiratory distress syndrome
(ARDS). Other organs can be affected, including, among others,
kidneys, gastrointestinal tract, brain and heart [1]. Over time, im-
provements in patient management, together with vaccine and
antiviral agent availability, have significantly reduced mortality.
However, it is estimated that ~1% of infected patients require
hospitalization and mortality rates are still >0.1% [2, 3]. Rapid
emergence of variants of concern adds more variability to symp-
toms at presentation and to the disease course.

Viral load, host factors and the presence of multiple comor-
bidities affect disease severity. Moreover, older age, male gen-
der, obesity and use of immunosuppressive medications are fac-
tors associated with severe forms of coronavirus disease 2019
(COVID-19) [4].

Patients with kidney failure on maintenance dialysis and kid-
ney transplant recipients (KTRs) are at higher risk of severe man-
ifestations of COVID-19 due to multiple comorbidities, immuno-
suppression [5] and reduced response to vaccination [6]. The
principal outcomes of SARS-CoV-2-infected patients on dialy-
sis are summarized in Table 1. Most studies report a mortality
rate >20-30%, which is significantly higher in patients admit-
ted to the intensive care unit (ICU). No significant differences in
mortality rate were found comparing mortality at 28 days and
3 months [7]. Despite the improvements in prevention and sup-
portive care, mortality in patients on dialysis remained signifi-
cantly higher than in the general population, even after adjust-
ment for comorbidities. Similar outcomes have been reported
also for patients on peritoneal dialysis (PD), with mortality rates
ranging from 12 to 36% of infected patients [8-12].

These poor outcomes have also been reported for KTRs, with
population-based studies and meta-analyses reporting short-
term mortality of 19-31% [13-15] (Table 2). National registry data
from the USA revealed that 16% of deaths among KTRs was at-
tributed to COVID-19 in 2020 [16]. Moreover, direct comparisons
between KTRs and waitlisted patients suggest a higher risk of
severe disease and mortality in the former group [17].

Herein we discuss recent insights into the mechanisms at the
basis of the altered immune response observed in these patients,
which have been suggested to impact SARS-CoV-2 infection out-
comes and the response to vaccination.

IMMUNE RESPONSE TO SARS-CoV-2
INFECTION AND VACCINATION

In most cases, SARS-CoV-2 infection elicits an effective innate
and adaptive immune response that clears the virus in <1 week.
In some individuals, however, the virus may elicit an incomplete
and/or unrestrained immune response with derangements that
involve both the innate and adaptive arms of the immune sys-
tem, which ultimately drive the more severe clinical manifesta-
tions of COVID-19.

Like many other viruses, SARS-CoV-2 triggers innate im-
munity through the engagement of pattern recognition recep-
tors, such as Toll-like receptor (TLR). Downstream signaling of

TLR promotes the transcriptional activation of several proin-
flammatory cytokines, including tumor necrosis factor (TNF),
interleukin-6 (IL-6) and IL-1, along with the production of type
I and type III interferons (IFNs) with antiviral activity [18]
(Figure 1). However, SARS-CoV-2 infection has been associated
with immune escape and incomplete activation of IFN signaling,
resulting in impaired viral clearance and a maladaptive increase
in proinflammatory cytokines [19]. Multiple data converge to
support a protective role for early type I IFN and CD8" T cell
responses [20] and genetic alterations in genes involved in the
type I IFN response [21] or the presence of neutralizing autoan-
tibodies against type I IFN [22] are associated with more severe
forms of COVID-19. In severe forms of the disease, serum IFN ac-
tivity and IFN-stimulated genes are significantly reduced com-
pared with mild and moderate forms, while genes involved in
type 1 IFN signaling are upregulated [23].

In severe forms of COVID-19, the release of proinflamma-
tory mediators can cause a cytokine storm [24], which fre-
quently results in ARDS, pulmonary edema, vascular injury and
multiorgan failure. Higher cytokine levels at the time of hospital
admission, particularly IL-6 and TNF-«, strongly correlate with
disease severity and predict mortality, independent of other fac-
tors [25]. Cytokine and chemokine release also amplify the acti-
vation of monocytes and macrophages that are recruited at the
site of infection, leading to a detrimental amplification loop [26].
Delayed kinetics of humoral and cellular adaptive immune re-
sponses early in the disease course have been associated with
severe COVID-19 cases, whereas patients with milder infection
usually display more prompt responses [27-31].

Lymphopenia and T cell exhaustion are common features of
SARS-CoV-2 infection. Typically, T cell exhaustion develops in re-
sponse to prolonged antigen stimulation, i.e. during chronic or
persistent viral infections or in the presence of a high antigen
load [32], and leads to reduced effector functions and cytokine
production.

Even though the cause of lymphopenia during COVID-19
has not been fully elucidated, a significant association be-
tween COVID-19 severity and upregulation of inhibitory im-
mune checkpoint receptors (e.g. PD-1) in cytotoxic T cells has
been described. In these patients, the expression of exhaustion-
associated gene signatures in CD8* T cells and in natural killer
cells has also been reported [33, 34].

The CD4" T cell compartment also displays altered re-
sponses, with severe COVID-19 featuring a lower frequency of
IFN-y-producing T helper 1 (Th1) cells when compared with
milder disease [35, 36]. On the other hand, proinflammatory
Th17 cells are increased after SARS-CoV-2 infection, which could
partly account for cytokine overproduction [37]. Moreover, severe
disease is also associated with a higher proportion of regulatory
T cells (Tregs), which can suppress antiviral immunity and con-
tribute to immune dysfunction [38].

Dysregulation of T follicular helper (Try) cells, a T cell subset
that promotes B cell maturation, somatic hypermutation and
clonal selection, has also been suggested to contribute to
impaired antibody responses and mortality [39, 40]. Subjects
with severe COVID-19 produce higher antibody levels than
those with mild or asymptomatic disease [41, 42] and remain
seropositive for longer time periods than subjects with an initial
low antibody titer. In severe infections, however, Try cells are
blocked in their differentiation trajectories and the germinal
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Table 2. Mortality in SARS-CoV-2-infected SOT recipients

Reference Study type N Mortality F-U (days) Comments

Trapani et al. [13] Retrospective 43983 SOT 45% in KTR 60 Authors compared the 60-days
versus 22% in cumulative incidence of mortality
non-SOT in SOT versus non-SOT with

Ao et al. [142] Meta-analysis 1385 SOT

Goffin et al. [17] Retrospective 498 KTRs, 1174
HD

Pascual et al. [94] Multicenter 502 KTRs 45%
cohort
observational

Requido-Moura et al. [143] Multicenter 1680 KTRs 21%
cohort

Massie et al. [144] Retrospective NA NA
comparative

50% higher in NA
SOT than in
non-SOT

2:1 risk in KTR NA

COVID-19 in the first pandemic in
Italy during the first phase
More than 80% of SOTs considered
were KTRs. In the final total
number of SOT recipients, there
may be an overlap in which one
patient may have been involved in
more than one study
As a conclusion from this large
European study, the authors
suggested that postponing
transplantations may be justified,
especially during the highly active
phase of the pandemic. However,
kidney transplant programs were
not officially postponed in
European countries
60 Of the 502 KTRs considered, 24
patients suffered from COVID-19
during the first 60 days after
kidney transplantation, when
immunosuppression is more
intense and 11/24 died
90 The use of tacrolimus and
mycophenolic acid was
independently associated with the
risk of death
The mortality risk per month
between the pre-COVID-19 and
COVID-19 eras increased of 41.2%

2015-February
2020 versus
March 2020-2021

F-U: follow-up; N/A: not available, RTX: rituximab.

center response is reduced, with plasma cells and memory B
cells being mainly of extrafollicular origin [41, 42]. Impaired
germinal center responses lead to reduced clonality and affinity
maturation of spike-specific B cells, which impacts on the
quality of anti-SARS-CoV-2-specific antibodies. In addition, the
neutralization potency of anti-SARS-CoV-2-specific antibodies
is reduced in patients with severe disease and portends worse
outcomes [42]. Impaired cytotoxicity and reduced neutralizing
capability of the anti-SARS-CoV-2 antibodies lead to increased
viral shedding and potentiate innate immunity activation.

As alink between the innate and adaptive immune response,
the complement system is critical in controlling SARS-CoV-2
infection, but its dysregulation produces harmful effects [43].
Complement activation in COVID-19 occurs mainly through the
lectin pathway [44], but the other complement pathways can
also be activated by anti-spike immunoglobulin G (IgG) and IgM
antibodies (classical pathway) or directly by SARS-CoV-2 spike
protein (alternative pathway). C3a and C5a release leads to neu-
trophil and monocyte/macrophage recruitment as well as cy-
tokines release, further amplifying the inflammatory response.
Consistently, elevated levels of the complement split products
C3a and C5a associate with increased disease severity and mor-
tality risk [45, 46].

The impact of vaccination in the general population has been
evident since the development of messenger RNA (mRNA)-based
vaccines, which confer protection against severe COVID-19 in

>90% of cases. Independent of the platform, most vaccines aim
to deliver the spike protein to antigen-presenting cells. This elic-
its both a cellular and humoral response involving the early in-
duction of virus-specific CD8" and CD4" T cells, the latter be-
ing necessary for the maturation of high-affinity antibodies [47].
The development of neutralizing antibodies is the hallmark of
immune protection, which typically lasts at least 6 months af-
ter the primary vaccination and is further increased with subse-
quent booster doses [48, 49].

SARS-CoV-2 IN INDIVIDUALS ON
MAINTENANCE DIALYSIS

Immune response to SARS-CoV-2 infection

In dialysis patients, the impaired immunity and chronic low-
grade inflammation associated with the uremic milieu affect
inflammatory responses against a broad spectrum of pathogens,
making these subjects particularly vulnerable to infections. Al-
though the understanding of immune alterations in kidney
failure is limited, particularly for innate response, decreased
antigen presentation capabilities of dendritic cells, increased
frequency of exhausted and anergic CD4" and CD8* T cells as
well as hyporeactivity of monocytes and neutrophils all have an
adverse impact on the immune response to infections [50]. On
the other hand, patients with kidney failure commonly display
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FIGURE 1: Schematic representation of the immune response to SARS-CoV-2. SARS-CoV-2 enters the epithelial host cells through endocytosis or membrane fusion
after binding to the angiotensin-converting enzyme 2 (ACE2) receptor (1). Viral components are recognized by Toll-like receptors (2), whose downstream signaling
promotes the secretion of type I and III IFNs and proinflammatory cytokines (3-5), which stimulate antigen-presenting cells and induce adaptive immunity. Adapted
from ‘Acute Immune Responses to Coronaviruses’, BioRender.com (2022). Retrieved from https://app.biorender.com/biorender-templates.

high levels of proinflammatory cytokines resulting from de-
creased renal clearance and increased generation due to oxida-
tive stress and the effect of uremic toxins (Figure 2). In dialysis
patients with COVID-19 IL-6 levels were found to be significantly
higher compared with subjects with CKD not on dialysis and
non-CKD patients [51] and correlated with disease severity and
outcomes [5].

The majority of the studies have focused on nonspecific in-
flammatory markers, showing that patients on maintenance
dialysis have higher C-reactive protein (CRP) levels compared
with nondialysis patients. CRP levels were also an independent
predictor of severe disease and mortality [5, 17, 51-54].

Proteomic analysis of the serum from dialysis patients with
COVID-19 identified higher levels of CCL2 and CCL7 during se-
vere disease, which were associated with a lower blood mono-
cytes count and higher inflammatory markers. CCL2 and CCL7
are both chemokines that attract monocytes, and their high ex-
pression suggests the recruitment of these innate immune cells
into damaged tissues [55].

Patients with kidney failure have increased percentages of
exhausted and anergic T cells compared with healthy subjects,
which are associated with increased susceptibility to infections.
Furthermore, these patients have preserved percentages of Try
but a reduced frequency of the Teu1 subset, critical to mount an
effective humoral antiviral response [56].

Available data on T cell response in hemodialysis (HD) pa-
tients suggest a preserved ability to produce efficient T cell re-
sponse, with similar percentages of T cells reactive against the

different virus-specific proteins and similar cytokine production
(IFN-y, TNF-a, IL-2) compared with patients without kidney fail-
ure [57, 58].

Whether the presence of a robust T cell response reflects ef-
fective protection against reinfection is still unclear. Recently
Klenerman et al. [59] did not find any correlation between T cell
response, even if robust, and protection from reinfection in 36
HD patients. In keeping with observations from the general pop-
ulation, antibody titers also correlate with the severity of SARS-
CoV-2 infection in dialysis patients. However, data demonstrate
that patients on dialysis who develop antibodies in response to
natural SARS-CoV-2 infection are less protected from reinfection
compared with healthy subjects [60-62].

Only a few studies have explored the role of the comple-
ment system in patients with COVID-19 on dialysis. One study
analyzed serial samples from 49 HD patients and controls with
COVID-19, stratifying for disease severity and measuring com-
plement activation split products [63]. Compared with non-
COVID-19 subjects on HD, plasma levels of C3a and C5a were
significantly increased. C3a levels could also discriminate be-
tween severe and nonsevere infections, a feature that was main-
tained throughout the course of the disease, except for the re-
covery phase. In sharp contrast, C5a levels increased only before
clinical worsening. Overall, C3a and C5a levels directly corre-
lated with CRP values and inversely correlated with lymphocyte
count.

Circulating lectin pathway proteins have been also analyzed
in HD patients with COVID-19 and directly correlated with
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FIGURE 2: Immune responses to SARS-CoV-2 in dialysis patients and KTRs. Summary of immune alterations commonly observed in patients with COVID-19 (central
panel) and derangements described in KTRs (left panel) and in patients on maintenance dialysis (right panel). Created with BioRender.com.

disease severity [64], confirming a role for this pathway in
response to SARS-CoV-2 infection.

Immune response to SARS-CoV-2 vaccination

Early data after the introduction of SARS-CoV-2 vaccination
showed that patients on dialysis have sufficient but delayed re-
sponses, significantly reinforced after a second or third dose [65,
66]. Subjects with a prior infection suggested by the presence
of anti-receptor-binding domain (RBD) antibodies before vac-
cination were more likely to have effective vaccine responses
compared with anti-RBD antibody-negative subjects, indepen-
dent of the type of vaccine [67]. The synergistic effect that fol-
lows this type of hybrid immunization has also been observed
in the general population and has distinctive features, includ-
ing a greater magnitude and strength of antibody and cellular
responses against SARS-CoV-2 [68].

The antibody response is quantitatively and qualitatively
higher in subjects with breakthrough infection compared with
subjects vaccinated with two doses, but comparable to those of
subjects who received three vaccine doses or were vaccinated
after a primary infection [69, 70]. This is mainly due to a higher
frequency of memory B cells producing potent neutralizing an-
tibodies [68, 71].

Differences in the immunological profiles between COVID-
19-recovered and naive patients have also been identified in
dialysis patients and are crucial to establish more effective vac-
cination policy, particularly in frail populations. A recent French
study showed that virus-naive patients on HD have a lower anti-
RBD IgG response after two mRNA vaccine doses compared with
control subjects, but this response was higher in virus-recovered

patients [72]. Administration of a third dose within 6 months
significantly boosted serologic and cellular memory response in
HD-naive patients but not in recovered HD patients, in which it
was probably already maximally induced [72]. Similar to what
happens after primary infection, the anti-spike antibody titer
tends to wane faster after 6 months from vaccination in patients
on dialysis and the reduction is particularly pronounced in indi-
viduals with impaired initial antibody response [73].

These observations support the indication of a fourth dose to
reinforce the antibody protection against new viral variants, as
available data suggest inadequate protection against the omi-
cron variant after a three-dose regimen [74, 75]. In addition, a
fourth booster dose promoted a median 19-fold increase in anti-
spike antibody titer in 45 patients on chronic dialysis (both HD
and PD), with no serious adverse events [76], an effect compara-
ble to the one observed in the general population [77].

Data on immune cell responses after vaccination in dialysis
patients are still limited. De Vriese et al. [78] analyzed the anti-
SARS-CoV-2 IFN-y production in response to two doses of mRNA
vaccine, showing that it was significantly lower in 543 HD pa-
tients compared with healthy subjects. This result is in line with
other studies describing impaired T cell response in patients on
dialysis [79-82]. In contrast to the significant increase in anti-
body titer produced by a booster dose, SARS-CoV-2 reactive T
helper and T cytotoxic cells remained stable [75].

Studies comparing the impact of different dialysis modali-
ties on the entity of seroconversion after vaccination confirmed
significant associations between higher titers in response to the
first or second vaccine dose and factors such as younger dial-
ysis vintage and fewer comorbidities (both with BNT162b2 and
mRNA-1273 vaccine). Other parameters like CRP, albumin and



age did not appreciably influence the magnitude of the response
[78, 83-87]. Median anti-spike IgG levels were similar between
HD and PD, even if patients receiving home treatments usually
had fewer comorbidities [67, 88].

Differences between the type of vaccine used recently have
been identified, suggesting that the initial high dose of mRNA
may help obtain a more durable response, as observed be-
tween BNT162b2 and mRNA-1273 recipients [89], and particu-
larly compared with other non-mRNA-based vaccines such as
Ad26.COV2.S [73]. Although response is reduced compared with
immunocompetent subjects, SARS-CoV-2 vaccination in large
populations of chronic dialysis patients limited the incidence
and severity of SARS-CoV-2 infection [90, 91].

In a Canadian cohort of 13 759 subjects on maintenance dial-
ysis, COVID-19 vaccination effectively prevented SARS-CoV-2 in-
fection and severe outcomes. In particular, the risk of infection
was reduced by 41% after vaccination with one dose and by 69%
after two doses compared with the period before vaccination.
Furthermore, severe outcomes were reduced by 46% and 83% af-
ter one and two doses, respectively [90].

Sibbel et al. [91] compared 35 206 vaccinated subjects on HD
with 63 243 unvaccinated, finding a reduction in the hospital-
ization rate for COVID-19 from 43.4% to 28% after vaccination
with BNT162b2 and from 45.6% to 37.2% with mRNA-1273. Vacci-
nated patients also had lower mortality (4.0% for BNT162b2 and
5.6% for mRNA-1273 versus 12.1% and 14.5% in unvaccinated
controls). However, compared with the general population, these
percentages remain significantly higher (29% for hospitalization
and 7% for mortality risk after two doses versus <0.1% after the
first dose) [92], confirming the importance of booster doses in
this group of patients.

SARS-CoV-2 IN KTRs
Immune response to SARS-CoV-2 infection

Infections are a common cause of morbidity after transplan-
tation and account for a large proportion of deaths with a
functioning graft [93]. The use of immunosuppressive drugs
to control alloreactivity and prevent rejection is a concern in
KTRs exposed to SARS-CoV-2. Some European studies have
shown that mortality rates increase significantly when SARS-
CoV-2 infection occurs in the first period following kidney
transplantation [17, 94, 95], suggesting that the intensity of
immunosuppression may impact outcomes. However, the use
of stronger conditioning regimens with lymphodepleting agents
was surprisingly not associated with mortality [95, 96].

Immunosuppressive regimens used in kidney transplanta-
tion may affect the immune system at multiple levels. However,
although based on limited available data, early innate responses
to SARS-CoV-2 infection seem to be similar between transplant
and nontransplant patients. In studies comparing solid organ
transplant (SOT) recipients with carefully matched nontrans-
plant cohorts, levels of inflammatory markers and IL-6 were sim-
ilar among hospitalized patients [97-100]. In KTRs, IL-6 levels
correlated with disease severity [101], with scarce prediction of
disease progression [101, 102].

Although multiple studies have described profound lym-
phopenia among SOT recipients with COVID-19, only a few
studies have performed a more detailed evaluation of cellular
immune responses to SARS-CoV-2 in this population [103].
Candon et al. [104] measured the frequency of SARS-CoV-2-
reactive T cells by IFN-y enzyme-linked immune absorbent
spot in a small cohort of KTRs who all underwent a reduction
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of immunosuppression at the time of COVID-19 diagnosis.
These patients displayed broadly reactive SARS-CoV-2-specific
CD4" and CD8* T cells at 2-6 weeks after symptom onset, with
frequencies similar to patients on HD. However, due to the lack
of controls, the impact of immunosuppression on the robust-
ness of antiviral T cell responses could not be evaluated. More
recently, another study confirmed that SARS-CoV-2-specific
T cell responses in KTRs were similar to those of patients on
dialysis and persisted for up to 10 months from infection, a
time point by which the humoral response had completely
weaned [105]. Interestingly, a reduction of maintenance im-
munosuppression did not impact SARS-CoV-2-specific T cell
numbers, which persisted up to 3 months from infection even in
patients who resumed full immunosuppressive regimens after
recovery. Importantly, in KTRs with asymptomatic infection, the
percentages of subjects developing a SARS-CoV-2-specific T cell
response were significantly lower compared with patients with
a mild or severe disease course [106].

Studies conducted at the beginning of the pandemic showed
that KTRs are able to generate normal serum levels of total anti-
SARS-CoV-2 IgG upon infection [101, 102, 107-109], but the hu-
moral response kinetics are delayed and serum antibody levels
decrease more rapidly compared with immunocompetent sub-
jects [101, 107, 110-112].

The first study comparing humoral immune responses to
SARS-CoV-2 between kidney transplant and nontransplant sub-
jects reported that most KTRs with COVID-19 exhibited broad ac-
tivation of B cell subsets (switched, activated and memory) but
not Tey cells compared with controls, as well as a robust anti-
SARS-CoV-2 nucleocapsid IgM and IgG antibody response. Sim-
ilar results were also observed in nontransplant patients with
COVID-19 [107], and disease severity correlated with the entity
of the antibody response at different time points, as in non-
transplant patients, with a greater impact compared with other
factors like age, sex and type of immunosuppression [106, 113].
Withdrawal of antiproliferative agents (e.g. mycophenolate) at
the time of COVID-19 diagnosis did not seem to impact the mag-
nitude of the antibody response [107].

The isotypic distribution of anti-SARS-CoV-2 antibodies in
KTRs was recently assessed in a multicenter cross-sectional
study. Patients at earlier stages of the infection had lower IgG
levels against four distinct spike protein epitopes compared with
nontransplanted subjects. However, no difference was observed
between controls and kidney transplanted patients at later time
points, suggesting a normal, albeit delayed, evolution of the hu-
moral response [114]. The evolution of spike-specific IgA and IgM
kinetics was preserved at all time points. The fact that 1gG pro-
duction was impaired during the acute phase of the disease may
explain in part the poor outcomes in transplant recipients with
COVID-19. Of note, the majority of KTRs considered in the study
received a significant reduction or withdrawal of mycopheno-
late mofetil after infection, which may have had an impact on
IgG levels at later time points [114].

The clear impact of immunosuppression on viral response
has not been demonstrated thus far [115]. Intriguingly, despite
the common procedure of reducing immunosuppression during
infection, the acute rejection rate in KTRs with COVID-19 has not
increased [116], as well as the incidence of anti-human leuko-
cyte antigen antibodies [117]. This might be due to the emer-
gence of an anti-inflammatory transcriptional program in lym-
phocytes [118], but the underlying molecular mechanisms are
still unclear.

In a recent study, however, the empirical reduction of chronic
immunosuppression to favor antiviral T and B cell responses
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was associated with increased rejection rates [119], but these
contrasting results could be due to the different practice of im-
munosuppression management across the centers.

Immune response to SARS-CoV-2 vaccination

Similar to patients on maintenance HD, KTRs have been shown
to mount less robust immune responses following vaccination
compared with the general population. In a prospective obser-
vational multicenter study in 368 KTRs the seroconversion rate
after SARS-CoV-2 vaccination was 8% after the second dose and
42% after the third booster dose [80]. The kinetics of spike-
reactive CD4" T cells following vaccination demonstrated a rel-
evant delay, with a significant increase occurring only after the
booster vaccination. Immunosuppression and type of vaccine
were identified as major independent risk factors for a nega-
tive seroconversion. In more detail, belatacept, antiproliferative
agents and calcineurin inhibitors were associated with higher
seroconversion failure rates compared with mammalian target
of rapamycin inhibitors and glucocorticoids. The seroconversion
rate was almost twice as high with the mRNA-1273 (49%) com-
pared with the BNT162b2 mRNA (26%) vaccine [80].

Grupper et al. [120] reported only 40% of seroconversion af-
ter two doses in KTRs compared with 98% of the healthy con-
trol group. Serological response increased to 76% after the third
dose. Of note, every year of age increased the risk of having
a negative serology by 5%. In terms of cellular response, lev-
els of anti-spike CD4*TNF-a™ and CD4"IFN-y* before the third
booster were lower in transplant recipients than in controls.
Other studies described a significant reduction in the frequency
of total T cells and CD4* T cells but an increase in the percent-
age of Tregs and CD8" T cells postvaccination in kidney graft
recipients [121]. Of note, KTRs have a uniquely impaired cellu-
lar and humoral response to SARS-CoV-2 vaccination compared
with other organ transplant recipients, a phenomenon that is
not entirely explained by the different levels of immunosuppres-
sion and could be related to uremia-associated immune abnor-
malities [122].

The impaired immune response developed after one or two
vaccine doses in KTRs is responsible for their numerous break-
through infections and their poor outcomes that are often simi-
lar to those of unvaccinated transplant recipients [123, 124]. Af-
ter three doses, even if the risk of infection remains high, critical
cases in KTRs are significantly less frequent, as demonstrated by
a reduction in ICU admissions, need for ventilatory support and
mortality [125]. However, compared with the general population,
disease severity and mortality risk in vaccinated KTRs remains
disproportionately higher [125-127].

Also in KTRs, previous SARS-CoV-2 infection allows the gen-
eration of a more effective immune response; after two vaccine
doses, both serological conversion and specific T cell response
were significantly higher in previously infected KTRs compared
with naive patients (97.1% versus 40.1% and 90% versus 9.4%,
respectively), apart from patients treated with costimulatory
blockade [128].

Available data converge to indicate an increased immune
response in KTRs following a third vaccine dose, along with a
significant increase in antibody titers for patients who were
already seropositive after the second dose [129-132]. However,
most recent variants, such as B.1.617.2 (delta) and B.1.1.529
(omicron), are characterized by partial immune escape, rapidly
displacing other circulating strains and increasingly leading to
breakthrough infections. In an observational cohort study, spike-

specific neutralizing antibodies against the B.1.617.2 (delta)
variant were present in only 59% of patients after the third vac-
cine dose [133]. Moreover, vaccine-induced cross-neutralization
of the B.1.1.529 (omicron) variant was observed in only 43% of
cases. In a similar report, Al Jurdi et al. [134] found that even
though 67% of KTRs developed anti-spike antibodies after a third
booster, the frequency of patients who developed neutralizing
responses against the omicron variant increased from 0 to 12%.

In conclusion, a third mRNA vaccine dose significantly im-
proves spike-specific immunity in KTRs. However, neutralizing
antibody activity against immune-escape variants is suboptimal
even in seroconverted individuals after a third vaccine dose and
poses the urgent need to optimize vaccination strategies for this
highly vulnerable population. As a therapeutic strategy, a tem-
porary hold of antiproliferative agents for a few weeks could be
considered to significantly improve third and fourth vaccination
outcomes in KTRs who have not mounted a humoral immune
response to previous doses [135].

Immune response during SARS-CoV-2 infection in end-stage
kidney disease (ESKD) patients is delayed and presents some
unique features, but overall it is preserved. In sharp contrast, the
immune response against mRNA SARS-CoV-2 vaccines in HD pa-
tients, and even more so in KTRs, is severely impaired. A possible
explanation for this discrepancy is that during natural infection,
activation of oral dendritic and epithelial cells stimulates a more
efficient immune response than vaccine injection in the mus-
cle. Moreover, the vaccine includes only spike protein epitopes,
whereas natural infection has 4 structural and 23 nonstructural
proteins that are coordinately expressed [136]. Finally, natural
infection results in a significant amount of systemic inflamma-
tion with TLR activation that is not seen with vaccination, which
may also be boosted by a reduction of immunosuppression [114].

CONCLUSIONS

COVID-19 had a significant impact on ESKD patients. Despite
a seemingly preserved immune response during acute infec-
tion, the high rate of comorbidities largely accounted for the
excess mortality in this population in the early phases of the
pandemic. After vaccines became available, their lower-than-
expected rates of response kept their relative risk higher than
in the general population. Understanding the immune mech-
anisms responsible for the impaired response to vaccination
in ESKD patients is critical to optimize prevention strategies
and reduce the excess morbidity and mortality in this fragile
population.
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