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Abstract

Background: Glomerular diseases (GD) are chronic condi-
tions that often involve immune dysfunction and require im-
munosuppressive therapy (IST) to control underlying patho-
genesis. Unfortunately, such diseases appear to heighten
risks of severe outcomes in COVID-19 and predispose to oth-
erinfections that may be life-threatening. Thus, averting pre-
ventable infections is imperative in GD patients. Summary:
The advent of vaccines demonstrated to be safe and effica-
cious against severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) has favorably impacted the COVID-19 pan-
demic epidemiology. However, patients on ISTs were ex-
cluded from initial vaccine clinical trials. Thus, only limited
and incomplete data are available currently regarding the
potential impact of immunosuppression on immune re-
sponse to or efficacy of the SARS-CoV-2 vaccines. However,
new insights are emerging from SARS-CoV-2 vaccine studies,
and impacts of ISTs on conventional vaccines are useful to
consider. Mechanisms of immunosuppressive agents com-
monly used in the treatment of GD are reviewed with respect

to implications for immune responses induced by SARS-
CoV-2 vaccines. ISTs discussed include corticosteroids; alkyl-
ating agents; antimetabolites; calcineurin or mammalian tar-
get of rapamycin inhibitors; CD38+, CD20+, or CD19+ cell
depletion; and complement protein C5 inhibition. Key Mes-
sages: Many immunosuppressive therapies may potentially
attenuate or impair protective immunity of the SARS-CoV-2
vaccines. However, as vaccines currently in use employ
MRNA or nonreplicative viral vectors, they appear to be safe
in patients on immunosuppression, further favoring vacci-
nation. Moreover, predominant SARS-CoV-2 vaccines are
likely to afford at least partial protective immunity through
one or more immune mechanisms even in patients on IST.
Guidelines and emerging strategies are also considered to
optimize vaccine protection from COVID-19.
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Introduction

Glomerular diseases (GD) are chronic, progressive,
and debilitating conditions that may impose significant
morbidity and mortality if unresponsive to treatment [1].
Treatments themselves, however, can also impose con-
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Fig. 1. Potential impact of immunosuppressive therapy on immune responses to SARS-CoV-2 vaccines [5]. Ag-
res, antigen restricted; ALK, alkylating agents; AMB, antimetabolites; BAFF, Bc-activating factor; BDA, Bc-de-
pleting agents; C', complement fixation; C51, complement C5 inhibitors; CCS, corticosteroids; CD38DA, CD38-
depleting agents; CNI, calcineurin inhibitors; D/PE, dialysis and/or plasma exchange; IFN, interferon; IL, inter-
leukin; MTI, mTOR inhibitors. Therapeutic color scheme: yellow, immune modulation; red, immunosuppression;
SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

siderable health risks. GD often reflect underlying im-
mune mechanisms, and those that are not primarily im-
mune-mediated may indirectly induce inflammatory
change downstream in the tubulointerstitial compart-
ment [2]. Separately and/or together, these ongoing im-
mune and inflammatory processes result in structural in-
jury and fibrotic responses that culminate in progressive
renal dysfunction. In treatment-refractory conditions,
GD culminates in end-stage renal disease (ESRD). In the
USA, GD are the third most common cause of end-stage
renal disease [3]. Thus, there is a strong rationale to opti-
mize therapeutic benefit in the treatment of GD.

While specific etiologies of GD are often poorly under-
stood and frequently diagnosed as idiopathic, consider-
able evidence supports direct and indirect mechanisms of
immune dysfunction. For many such diseases, immuno-
suppression is a mainstay therapeutic strategy, either
transiently or permanently. In some cases, immunosup-
pressive therapies (ISTs) also act directly on podocyte tar-
gets. Yet, ISTs introduce explicit risks of infection over
and above those already present due to the underlying
mechanisms of GD itself. For example, generalized im-
mune dysfunction is a recognized syndrome associated
with reduced renal function and uremia [4]. Therefore,

Glomerular Dis 2021;1:277-293
DOI: 10.1159/000519182

278

reducing risks of preventable infections through vaccina-
tion is a highly meritorious clinical strategy. However,
ISTs may also attenuate vaccine response and efficacy.
The following discussion considers the impact of ISTs on
vaccine efficacy in GD, with a focus on COVID-19.

Mechanisms of Vaccine-Induced Immunity against
SARS-CoV-2

Multiple integrated steps are involved in the process of
immune response to target antigens in vaccine-induced
immunity to the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), the etiologic agent of COV-
ID-19 (Fig. 1). Depending on the type of vaccine, these
responses may afford relatively rapid nonspecific innate
immune protection via interferons (IFNs), followed by
adaptive immunity for enhanced specificity and long-
term memory. A summary of current vaccines targeting
SARS-CoV-2 used internationally is provided in Table 1.
The essential steps in vaccine efficacy are reviewed below
[5], based on classical vaccines and SARS-CoV-2 vaccine
data to date.
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Pattern Recognition

Signals heralding the threat of infection are termed
pathogen-associated molecular patterns (PAMPs). In
general, such signals include viral nucleic acids, bacterial
peptidoglycan or lipopolysaccharide, and fungal glucans.
In balance, signals of host tissue injury due to infection
are termed damage-associated molecular patterns
(DAMPs). These signals include nuclear elements such as
host DNA or histones, mitochondrial constituents such
as mitochondrial DNA or formylated peptides, or cyto-
plasmic warning indicators such as S100 family proteins,
cyclophilin A, or heat-shock proteins. PAMPs and
DAMPs are molecular constituents generated in the con-
text of infection that stimulate cognate receptors for sub-
sequent immune response. Among the earliest immune
responses to microbial challenge or vaccine exposure are
those that occur via constitutive pattern recognition re-
ceptors (PRRs) that respond to PAMPs or DAMPs. There
are 3 overarching types of PRRs predominant in vaccine
response [6]: (1) membrane-bound PRRs, including Toll-
like receptors (TLRs) and C-type lectin receptors. TLRs,
which now include 10 variants (TLR1 through TLR10) in
humans, detect component hallmarks of pathogens, in-
cluding triacylated lipoprotein (TLR1/2), diacylated lipo-
protein (TLR2/6), liposaccharide (TLR4), and bacterial
flagellin (TLR5). Notably, TLR10 appears to be a regula-
tory TLR, modulating responses of the other TLRs. C-
type lectin receptors include the dendritic cell-/macro-
phage-specific intercellular adhesion molecule and lan-
gerin. Dendritic cell-/macrophage-specific intercellular
adhesion molecule binds glycans predominantly found
on viral, bacterial, and fungal pathogens, while langerin
binds mannose-containing ligands unique to or predom-
inant on pathogens and facilitates antigen processing by
epidermal Langerhan cells; and (2) endosomal PRRs, in-
cluding those recognizing double-stranded viral RNA
(TLR3), single-stranded viral RNA (TLR7/8), and CpG-
enriched DNA (TLR9); and (3) cytoplasmic PRRs, such
as nucleotide-binding oligomerization domain-like re-
ceptors and retinoic acid-inducible gene-1-like receptors.
In contrast to their membrane-bound counterparts, nu-
cleotide-binding oligomerization domain-like receptors
detect bacterial peptidoglycans, while retinoic acid-in-
ducible gene-1-like receptors are critical for the detection
of single- or double-stranded viral RNA that enter the
host cell cytoplasm.

Of the COVID-19 vaccine platforms, 3 classes are
most likely to stimulate PRRs: the mRNA vaccines and
vaccines using inactivated or surrogate viruses for deliv-
ery of SARS-CoV-2 DNA [7]. Those containing mRNA
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simulate viral ss(+)RNA, which ostensibly then directly
engages TLR7 or TLRS8, and if duplexed activates TLR3.
Likewise, inactivated SARS-CoV-2 vaccines that contain
the authentic virus in a chemically or otherwise inacti-
vated form are in theory capable of activating TLR7 or
TLR8. Vaccines containing viral DNA (viral vector such
as adenovirus) have the potential to directly engage TLR9
or, upon transcription to mRNA, may activate TLR3,
TLR7, or TLR8. In contrast, recombinant protein vac-
cines are unlikely to activate TLRs; thus, immune re-
sponses to such vaccines may not include rapid protective
efficacy by way of innate immunity.

Innate Immune Response

In response to cognate ligands, PRRs induce 4 themat-
ic classes of innate immune response molecules [8]: (1)
IFNs of the type I (IFN-a; IFN-f) and type III (IFN-\)
groups; these molecules protect uninfected host cells
against challenge from proximate infected cells by inhib-
iting host cell protein synthesis, inducing nucleases that
degrade viral RNA or DNA, and enhancing presentation
of viral antigens; (2) eicosanoids such as prostaglandins
and leukotrienes; these molecules modulate vascular
tone, govern airway status, and regulate platelet function;
(3) proinflammatory cytokines such as tumor necrosis
factor-a and interleukin-1p (IL-1pB); these cytokines in-
duce fever, promote inflammasome assembly for ampli-
fication of cytokine signaling, and mediate programmed
cell death of infected host cells; and (4) acute-phase reac-
tants, which include serum amyloid protein A, mannan-
binding lectin, C-reactive protein, factor VIII, and other
molecules. These immediate response molecules opso-
nize pathogens for more efficient phagocytosis, facilitate
complement-dependent functions and neutrophil navi-
gation, and enhance platelet activation and clot forma-
tion to trap pathogens before they access the bloodstream.
These classes of immune molecules are induced rapidly
in response to microbial threats and considered molecu-
lar hallmarks of the innate immune system.

Antigen Presentation

Detection, processing, and presentation are key first
steps determining whether the immune system ignores or
actively responds to an antigen. These steps are per-
formed largely by sentinel immune cells, most predomi-
nantly DCs. There are distinct forms of DCs, including
myeloid DCs and plasmacytoid DCs, either of which can
be tissue resident or circulating. Innate lymphoid cells,
macrophages (Mf), and other cells also serve as profes-
sional antigen-presenting cells (APCs). Myeloid DCs are
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the predominant APCs that display antigenic epitopes for
consideration by T lymphocytes (T cells or Tc). Micro-
bial or other foreign antigens are presented in the context
of major histocompatibility class IT (MHCII), while host
self-antigens are generally presented to Tc in the context
of MHC class I (MHCI). B lymphocytes (B cells or Bc) can
also be presented epitopes by DC, Mf, or other immune
cells. It is increasingly evident that Bc can also present
foreign antigens to Tc, and condition antigen presenta-
tion with cytokines such as IL-6. Most host cells present
self-antigen epitopes to Tc, which not only enables toler-
ance but is an ongoing mechanism for immune surveil-
lance of tissue neoplasia or transformation to cancer. Im-
portantly, follicular helper T-cell (Tgy) interactions are
critical for Bc germinal center formation and differentia-
tion through somatic hypermutation and affinity matura-
tion. Particularly key in this respect are Bcl-6-expressing
Try and germinal center B cells. Defects in this Tc-Bc in-
terplay may diminish protective and durable humoral
immunity, in turn enabling or worsening outcomes of
COVID-19 [9, 10]. Likewise, other defects in antigen pre-
sentation have recently been linked to severe outcomes in
COVID-19 [11].

T-Cell Polarization

A critical step in adaptive immune response to a given
antigen or epitope thereof is Tc polarization. Polarization
is the bias of a Tc to promote a specific paradigm of im-
mune response to a cognate antigen in context of cyto-
kine signaling. Tc polarization is intended to customize
immune responses best suited to protect against specific
microbial threats. General themes of Tc polarization are
considered here for comparative purposes [12]. For ex-
ample, if a Dc presents an antigen in MHCII context and
conditions the Tc with IL-12, the naive Tc will polarize to
a Thl paradigm and secrete (type II) gamma interferon
(IFN-y). Th1 polarization induces cell-mediated immune
mechanisms protecting against intracellular pathogens,
including viruses and intracellular bacteria. Effector cells
in the Th1 paradigm include Mf, natural killer cells, and
cytotoxic Tc (CD8+). By comparison, if a Dc presents an-
tigen in MHCII context but conditions the Tc with IL-6
and transforming growth factor-f (TGF-f), the naive Tc
will polarize to a Th17 paradigm and secrete interleukins
IL-17A and F (IL-17A/F). Such Th17 polarization induc-
es cell-mediated immunity targeting extracellular patho-
gens including bacteria and fungi. Neutrophils are the
predominant effector cells in the Th17 paradigm. In con-
trast, presentation of an antigen in MHCII context but
conditioned by IL-4 polarizes the naive Tc to a Th2 re-

Immunosuppression and SARS-CoV-2
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sponse paradigm. Here, Th2-polarized Tc elaborate IL-5
and IL-13 and prompt Bc activation and class switching
for specific antibody production. Importantly, in parallel
to Tc responses that promote immune response and in-
flammation, regulatory Tc (Treg) modulate immune re-
sponse to antigens, including those in vaccines. Three dis-
tinct subsets of Treg have been established, including
those expressing high levels of IL-10 (Tr1), TGF-b (Th3),
or forkhead box P3 (FoxP3+). Neither the Trl nor Th3
Treg classes are known to express FoxP3. Hence, as pro-
inflammatory Tc (e.g., Thl, Th17) are elicited by vac-
cines, so are Tregs that modulate immune responses to
prevent hyperinﬂammation, cytokine storm, autoim-
mune, or other adverse responses. Here, balance is im-
perative, as excessive activation of IL-10-producing Tc is
a characteristic of severe COVID-19 [13].

B-Cell Activation

Upon ligation by antigen and stimulation with Bc-ac-
tivating factor, B-cell receptors activate Bruton tyrosine
kinase to convert the naive B cell to an antigen-restricted
plasmablast. This transformation includes reassortment
of Bc receptor genes, resulting in isotype or class switch-
ing from default IgM (pu heavy chain) to IgG, IgA, IgE, or
IgD. Bc activation requires cognate secondary signals, in-
cluding MHCII complex antigen co-recognition by TcR
and appropriate Tc CD40L and CD28 interactions with
respective Bc CD40 and CD80/86 molecular partners.
Thus, antibody class switching relies on CD4+ Tc activa-
tion and cytokine conditioning [14]. It follows that the
emergence of IgG, IgA, IgE, or IgD following vaccination
represents a biomarker for CD4+ Tc activation. Recipro-
cally, recent clinical and laboratory evidence has estab-
lished that Bc play crucial roles in antigen-presenting and
cytokine-conditioning that help shape adaptive Tc re-
sponses [15]. In these ways, Bc and their antibody re-
sponses are intertwined with Tc regulation, emphasizing
the complex interaction of events governing cell-mediat-
ed and humoral response to vaccines. Analogous to Tregs,
regulatory Bc (Bregs) that express IL-10 (also called B10
Bc) are induced in response to activation. Such Bregs at-
tenuate any potential off-target or profusive immune re-
sponses to antigens that may result in adverse events.

Antibody Production

The conventional signal of immune response to vac-
cination is a rise in specific antibody titer to cognate an-
tigens [5]. Rapid induction of specific IgM isotype, fol-
lowed by the emergence of IgG, IgA, and other isotypes
over ensuing days to weeks, is a hallmark of antibody class
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switching [16]. Subclass diversification is another mecha-
nism by which polyclonal antibody responses facilitate
optimal immune protection. In protection against viral
pathogens such as SARS-CoV-2, IgG subclasses IgG2 and
IgG4 are usually best suited for neutralization and inhibi-
tion of binding to host cell receptors [17]. Neutralizing
antibodies may also clear soluble exotoxins, as is the mode
of action of many vaccines (e.g., diphtheria toxin and per-
tussigen). In contrast, IgG1 and IgG3 bias toward promo-
tion of constant-fragment receptor-mediated opsoniza-
tion, phagocytosis, and ensuing intracellular killing of
pathogens or infected host cells by cytotoxic Tc. Specific
IgG1 or IgG3 dimers or IgM monomers can aid in selec-
tively targeting microbicidal activity by classical comple-
ment fixation and promote immune cell recruitment to
sites of infection via C3a and C5a chemonavigation. Im-
portantly, beyond antigen diversity, human antibody rep-
ertoires also undergo experiential improvement in target
specificity and affinity over time via a process termed af-
finity maturation [18]. Here, somatic hypermutation in
the complementarity-determining regions of immuno-
globulin genes arises in germinal Bc with ongoing antigen
stimulation and paracrine signals from follicular helper
Tc (Tgp). In this way, antibodies gain greater affinity and
immune activity in proportion to experience of exposure
to given antigens. The generation of a diverse polyclonal
antibody response and affinity maturation that generates
progressively optimized specific antibody to critical anti-
gens contribute to protective immunity against SARS-
CoV-2 variants. Vaccines that induce such responses
likely afford that immune system a considerable advan-
tage in these ways.

SARS-CoV-2 Vaccines in Context of
Immunosuppression Therapy

The etiologies of GD commonly involve profusive, oft-
targeted, and/or host tissue-directed (auto) immune re-
sponses. It follows that therapeutics for GD often employ
mechanisms of action that attenuate host immune re-
sponses. Thus, therapies that suppress immune responses
are of special relevance regarding the strength, specificity,
or durability of vaccine responses targeting SARS-CoV-2
and protection in GD patients. At the present time, very
limited data have been published regarding impacts of
IST on these vaccines or their efficacy. Nonetheless, logi-
cal insights can be considered based on historical exam-
ples, natural immunocompromising conditions, clinical
trial findings, and emerging information. Important in
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this regard are the evolving guidelines provided by au-
thoritative bodies including the US Centers for Disease
Control & Prevention (CDC) Advisory Committee on
Immunization Practices [19], the Infectious Diseases So-
ciety of America [20], the American Society of Nephrol-
ogy [21], the American College of Rheumatology [22], the
British Society for Immunology [23], and the World
Health Organization [24]. Mindful that information is
evolving rapidly, the summary below addresses the po-
tential impact of therapeutics commonly used in GD with
respect to hypothesized impacts on SARS-CoV-2 vaccine
timing or response (Table 2).

Dialysis

Patients experiencing GD or a related chronic or end-
stage kidney disorder requiring dialysis often exhibit im-
munosuppression or attenuated responses to immuniza-
tion independent of therapeutic regimens [25]. While the
specific mechanisms are unclear, potential factors in-
clude immunosuppression in relation to chronic uremia,
as well as dysfunctions of APC and Tc imposed by dialy-
sis [26]. However, it is apparent that responses to classical
vaccines can be blunted in patients receiving dialysis [27,
28]. For example, as compared to healthy persons, pa-
tients on dialysis had reduced and delayed humoral re-
sponses to the BNT162b2 vaccine [29]. In another well-
characterized cohort of dialysis patients vaccinated with
SARS-CoV-2 vaccines that received US FDA emergency
use authorization, 9%, 35%, and 77% had detectable an-
tibody responses early postvaccination, and after partial
or full vaccination, respectively [30]. Overall results from
this study demonstrated that >20% dialysis patients dem-
onstrated an attenuated immune response after receiving
SARS-CoV-2 vaccination. Consistent with this finding,
and increased risks of severe COVID-19 outcomes, dialy-
sis patients have been recommended for prioritization in
being vaccinated against SARS-CoV-2 [31].

Plasma Exchange

There is limited information published to date regard-
ing plasma exchange in the context of COVID-19 vacci-
nation. It is established that this procedure significantly
depletes antibody [32, 33]. For example, plasma exchange
(replaced with albumin) may reduce immunoglobulin
levels by as much as 95% [34] and would be expected to
do the same for neutralizing or protective antibodies in-
duced by vaccines targeting SARS-CoV-2. Plasma ex-
change followed by supplemental IVIg therapy has been
used safely and effectively to treat immune thrombocyto-
penia post-SARS-CoV-2 vaccination [35]. The concept of
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addition of therapeutic monoclonal antibody directed
against the SARS-CoV-2 virus or variants to cryosuper-
natant has been proposed as a means to compensate for
removal of protective antibody [36]. Emerging consensus
guidelines advise that patients requiring therapeutic plas-
ma exchange continue to receive such treatments where
benefits outweigh potential risks [19-24].

Corticosteroids

Use of corticosteroids (or glucocorticoids) is relatively
common in the treatment of chronic kidney diseases, in-
cluding GD. These agents exert immunosuppressive and
anti-inflammatory effects via 2 distinct mechanisms,
namely, genomic and nongenomic pathways. Genomic
mechanisms involve modulation of NF-kf transcription
factors responsible for the expression of key inflamma-
tory proteins [37]. Nongenomic mechanisms typically act
via glucocorticoid receptors on cells, including podo-
cytes, yielding suppression of proinflammatory signals or
functions. Thus, corticosteroids act by inducing immune-
modulating pathways (transactivation) and suppressing
proinflammatory pathways (transrepression) [38]. Corti-
costeroids rapidly and significantly attenuate inflamma-
tion, beginning with modulation of acute-phase reactants
[39]. The most common types of corticosteroids used in
GD are short-acting (e.g., prednisone and methylpred-
nisolone; £1/2 ~60-200 min) or long-acting (e.g., dexa-
methasone; t1/2 ~ 48 h) [38]. Interestingly, systemic ther-
apy with prednisone or methylprednisolone may
attenuate type III IFN, thereby negating its immune-
modulatory effects [40]. In contrast, dexamethasone ap-
pears to spare type III IFN responses and attendant im-
mune-modulatory effects, consistent with its efficacy in
clinical trials of COVID-19. Subsequent modulation of
myeloid and lymphoid cells ensue, resulting in attenua-
tion of Tc and Bc functions, as well as neutrophil and
other cell-mediated immune effectors. A limited number
of studies ranging back to 1974 have examined the impact
of systemic corticosteroid therapy on response to vacci-
nation [41]. Steroid effects include lymphopenia, Tc
apoptosis, and inhibition of Bc activation and antibody
generation in primary or secondary lymphoid organs as
well as periphery [42].

The US Centers for Disease Control & Prevention Ad-
visory Committee on Immunization Practices and Infec-
tious Diseases Society of America (IDSA) consider the
threshold of high-dose systemic prednisone-equivalent
corticosteroid therapy as that used in patients of >10 kg
receiving >2 mg/kg or >20 mg/day for >2 weeks [19].
Such patients were largely excluded from enrollment in
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COVID-19 vaccine clinical trials. By comparison, indi-
viduals on dose regimens below this threshold or inter-
mittent administration of oral corticosteroids were not
explicitly excluded from these clinical trials. Thus, experi-
ence in COVID-19 vaccine response in the setting of low-
dose steroid treatment has been gained from clinical tri-
als, as well as from a considerable proportion of the pop-
ulation receiving vaccines since [42]. Overall, results from
this experience suggest that immune response to SARS-
CoV-2 vaccines in patients receiving systemic corticoste-
roid therapy is sufficient for partial if not greater protec-
tive immunity. This view is supported by multiple his-
torical studies of pneumococcal, influenza, and hepatitis
B vaccines in patients receiving systemic low- to moder-
ate-dose corticosteroid therapy [43]. Moreover, there ap-
pear to be no significant safety risks in using the autho-
rized COVID-19 vaccines in patients receiving cortico-
steroid therapy. Thus, the American College of
Rheumatology guidance recommends no modification in
dose regimen or timing of COVID-19 vaccinations in pa-
tients receiving <20 mg/day corticosteroids systemically
[22]. For patients receiving high-dose corticosteroid ther-
apy (=20 mg/day), although no modification of CO-
VID-19 vaccine dosing is recommended, the ACR and
other guidance recognize the potential for reduced im-
mune response and protective immunity to vaccination.
Thus, alternative strategies are being considered but are
not yet recommended, including increased vaccine dos-
age, additional booster doses, or use of enhancing adju-
vants in patients who are strongly immunosuppressed.
When possible in patients who have well-controlled dis-
ease and without compromising clinical care, high-dose
corticosteroid therapy may be titered to a lower dose reg-
imen for 10-14 days before SARS-CoV-2 vaccination. Of
special emphasis, systemic high-dose corticosteroid ther-
apy is contraindicated for individuals receiving vaccines
that are live or have replicative potential. However, vac-
cines currently authorized or approved to prevent CO-
VID-19 to date do not use live or replicating attenuated
viral platforms, and the adenoviral vectors used in some
of these vaccines pose no risk of reversion to a virulent
SARS-CoV-2 pathogen.

Alkylating Agents

Astheir class name implies, alkylating agents covalent-
ly link alkyl functional groups to the 7-nitrogen position
of the purine ring in guanine bases of DNA. This mecha-
nism results in multiple inhibitory consequences on DNA
function, including inhibiting formation of duplex heli-
ces, discontinuous replication, strand fragmentation, and
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cross-linkage of DNA to RNA as hybrid nucleic acid com-
plexes. These effects lead to loss of DNA expression, cell
cycle arrest, inhibition of replication, and, ultimately,
death often via apoptosis. The rationale for use of these
agents in the treatment of GD is inhibition of immune cell
development and function resulting in strong immuno-
suppression [44]. Two commonly used alkylating agents
in GD are cyclophosphamide (CYP) and chlorambucil.
Given their suppression of myeloid as well as lymphoid
progenitors and effectors of immune function, these
agents have significant inhibitory consequences on tradi-
tional vaccines and are likely to have similar attenuation
of COVID-19 vaccine response, efficacy, and durability.
Results from animal models of SARS-CoV-2 infection of-
fer important insights into protective immune responses
likely to be impaired by alkylating agents such as CYP.
For example, CYP-treated hamsters have more severe
COVID-19-like disease than untreated controls, includ-
ing greater viral load, duration of symptoms, and mortal-
ity [45]. Thus, immune constituents necessary for protec-
tive responses to natural SARS-CoV-2 infection - and by
extension COVID-19 vaccination - are inhibited by CYP.
Beyond typically significant myelopenia and lymphope-
nia, alkylating agents including CYP and chlorambucil
attenuate Dc recognition, processing, and presentation of
antigens to Tc and Bc [46]. In turn, such inhibition im-
pairs CD4+ Tc polarization and downstream molecular
and cellular antiviral efficacy. In addition, alkylating
agents promote type I IFN expression, an effect that may
counter suppress beneficial responses of type II (IFN-y)
or type III (IFN-A) IFNs [40]. Based on these mecha-
nisms, alkylating agents are likely to significantly attenu-
ate immune responses to the authorized COVID-19 vac-
cines. However, the ACR guidance recommends no mod-
ification in dose regimen or timing of authorized
COVID-19 vaccinations in patients receiving CYP or
other alkylating agent therapy [22]. This view is support-
ed by 2 basic concepts: (1) even if attenuated, the risks of
COVID-19 argue in favor of any enhanced immune pro-
tection afforded by vaccination; and (2) low-dose or in-
termittent pulsing of CYP appears to preferentially target
Tregs [47].If so, it is atleast conceivable that semiselective
repression of Tregs in CYP therapy may favor efficacious
responses to COVID-19 vaccines, particularly regarding
durability of memory.

Antimetabolites

A mainstay of GD therapy that is comparatively less
immunosuppressive than alkylating agents is the group of
therapeutic antimetabolites, including azathioprine
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(AZA), methotrexate (MTX), and mycophenolate mofetil
(MME). Although these agents have distinct mechanisms
of action, they converge on nucleic acid metabolism es-
sential to the generation and function of immune and
other host cells. Azathioprine is a selective inhibitor of
purine synthesis due to its conversion to 6-mercaptopu-
rine and subsequently 6-thioguanine nucleotide analogs.
In turn, these molecules competitively integrate into
DNA in place of guanine, resulting in arrested replication
and apoptosis of cells having a high rate of replication. In
this respect, myeloid and lymphoid cells of the immune
system are semiselectively targeted for inhibition by AZA.
Alternatively, MTX impairs the synthesis of dihydrofo-
late and tetrahydrofolate by competitive inhibition of di-
hydrofolate reductase. The consequences of this inhibi-
tion are many, as dihydrofolate and tetrahydrofolate are
critical for nucleic acid synthesis and the generation of
specific amino acids emanating from thymine-activated
substrates. The suppression of nucleotide and protein
biosynthesis by MTX is semiselective for cells undergoing
rapid replication or intensive functions, including those
of the immune system. In contrast, MMF is a preferential
inhibitor of inosine monophosphate dehydrogenase.
This enzyme is a committed step in guanine biosynthesis
and is enriched in lymphocytes. For these reasons, MMF
is a semiselective inhibitor of lymphocyte proliferation,
preferentially affecting Tc [48].

Considerable data have been published examining the
impacts of AZA, MTX, or MMF on traditional vaccines
which shed light on their anticipated effects on CO-
VID-19 vaccines. In adult patients with chronic kidney
disease leading to transplant, AZA did not negatively im-
pact influenza vaccine safety or protective antibody re-
sponse as compared to matched healthy controls [49]. By
comparison, MMF attenuated antibody response to in-
fluenza A/HINT1 in this cohort. Importantly, MMF treat-
ment in patients with rheumatic disease also impaired an-
tibody responses to a single dose of the BNT162b2 (BioN-
Tech/Pfizer) COVID-19 vaccine [50]. However, in this
cohort of patients with native kidneys, the use of MTX did
not attenuate the humoral response to influenza vaccina-
tion. In a separate study, MTX was found to significantly
impair antibody response to vaccines targeting influenza
A or B, while tocilizumab (anti-IL-6 receptor) did not [51,
52]. However, antibody response was considered to be
adequate for protection, and no serious adverse events or
disease relapses were seen postvaccination in the study
cohort of 194 RA patients of whom 21% used daily low-
dose steroids. Likewise, MTX impaired antibody respons-
es to seasonal influenza and pneumococcal vaccination in
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rheumatoid arthritis patients [53, 54]. When used in sol-
id organ transplant cases, MMF or AZA therapy corre-
lated with significantly lower antibody response to either
of the mRNA vaccines targeting SARS-CoV-2 [55]. Based
on these and other emerging data, antimetabolites (e.g.,
AZA, MMF, and MTX) are likely to impair humoral re-
sponses to COVID-19 vaccination modestly, moderately,
or significantly relative to dosing, underlying morbidity,
adjunctive interventions (e.g., dialysis), and other factors.
Whether these agents impact IFN and/or Tc responses to
COVID-19 vaccines is not yet known.

Calcineurin and mTOR Inhibitors

Calcineurin is a serine/threonine phosphatase primar-
ily responsible for activating the transcription factor, nu-
clear factor activator-T cells; the nuclear factor activator-
T cell is critical for CD4+ Tc activation and IL-2 genera-
tion. In turn, IL-2 stimulates amplification and function
in Tc, NKc, and Bc populations in host defense. To induce
IL-2 generation, calcineurin is enabled through binding
by 1 of 2 proline isomerases: cyclophilin or immunophilin
(FKBP-12). Calcineurin inhibitors competitively bind to
cyclophilin (cyclosporine) or immunophilin (tacrolim-
us), thereby preventing cyclophilin or immunophilin in-
teractions with and activation of calcineurin. Hence, cal-
cineurin inhibitors are indirect inhibitors of IL-2 produc-
tion by Tc, resulting in suppression of Tc-mediated
immunity. By comparison, inhibitors of the mammalian
target of rapamycin (mTOR) impede the function of
phosphatidylinositol-3 kinases that regulate the regula-
tory proteins mMTORC1 and mTORC2. Thus, there are 2
principal classes of IL-2 inhibitors: (1) calcineurin inhib-
itor polyketides - e.g., cyclosporin(e), voclosporin(e),
and tacrolimus; these agents bind to cyclophilin or im-
munophilin FKBP-12 to inhibit calcineurin-mediated
IL-2 generation; and (2) mTOR inhibitor macrolide lac-
tones - e.g., sirolimus, everolimus, or pimecrolimus;
these agents bind to mTOR and thus inhibit downstream
signaling critical for IL-2 generation. Of note, these class-
es of compounds derive from microorganisms (e.g.,
cyclosporin(e) from the fungus Tolypocladium inflatum;
tacrolimus from the bacterium Streptomyces tsuku-
baensis; and sirolimus from the bacterium Streptomyces
hygroscopicus) that apparently evolved them to modulate
the immune system as a means of virulence.

Inhibition of IL-2 can impact on vaccine response and
protective efficacy. Consistent with their primary mecha-
nism to inhibit Tc response, antibody response to con-
ventional immunizations such as influenza or pneumo-
coccal vaccines is often minimally or modestly affected by
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the calcineurin or mTOR inhibitors [56, 57]. Moreover,
antibody responsivity to SARS-CoV-2 vaccination is like-
ly to be blunted when calcineurin inhibitors are used in
combination with antimetabolites such as MMF [50, 55,
58]. Likewise, protective immunity from COVID-19 vac-
cines may be muted following a first dose of vaccine [59],
emphasizing the importance of the second boosting dos-
es of mRNA vaccines. Of potentially greater concern is
the impact of calcineurin inhibitors on critical Tc re-
sponses to COVID-19 vaccines. Essentially, tacrolimus-
based regimens are designed to impair Tc and IL-2-me-
diated adaptive immunity. However, several lines of evi-
dence in conditions other than GD provide insights to
suggest that calcineurin and IL-2 inhibition may only
moderately impact vaccine efficacy. First, IL-2 monoclo-
nal therapies such as daclizumab permit normal Tc and
Bc responses to influenza vaccination [60]. Interestingly,
the IL-2 inhibitor basiliximab appeared to inhibit genera-
tion of memory Bc in kidney transplant patients — but did
not impair generation of acute antibody levels - in re-
sponse to trivalent influenza vaccination [61]. Second,
CD8+ Tc are increasingly being recognized as key bio-
markers of protective immunity against COVID-19 [62].
Importantly, recent evidence suggests that tacrolimus
specifically inhibits CD4+ Ty cells, relatively sparing
other Tc subsets [63]. If so, then in concept tacrolimus
and related calcineurin inhibitors may have only modest
to moderate impact on protective Tc responses to CO-
VID-19 vaccines. It should be noted that cocktail regi-
mens involving calcineurin inhibitors are likely to have
greater impairment of vaccine responses than these
agents alone. For example, in kidney transplant patients
on combination therapy involving tacrolimus, cyclospo-
rine, or MMF, CD4+ and CD8+ Tc responses in particu-
lar were nearly undetectable following BNT162b2 vacci-
nation targeted against SARS-CoV-2 [58]. Nonetheless,
the benefits of COVID-19 vaccination are believed to
greatly outweigh risks of severe COVID-19 or muted im-
mune responses to vaccination. Interestingly, data from
vaccine studies in rhesus macaques indicate that mTOR
inhibitors such as sirolimus may enhance viral-specific
CD8+ Tc responses [64]. In humans, everolimus en-
hanced immune response to influenza vaccination by
nearly 20% in specific antibody titer, particularly in el-
derly individuals [65]. Mechanistically, data suggested
that everolimus semiselectively inhibits CD4+ and CD8+
Tc expressing high levels of the programmed cell death-1
receptor, which is more highly expressed with aging.
Whether such effects occur with SARS-CoV-2 is not yet
known. Guidelines recommend that vaccines to prevent
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COVID-19 be prioritized or provided with no delay to
patients who are on calcineurin or mTOR inhibitor ther-
apy, with no change in dosing or schedule of treatment
[24, 66].

CD38+ Cell-Depleting Agents

The cell differentiation marker CD38 is a 45-kDa gly-
coprotein ectoenzyme expressed on multiple immune
cell lineages, including plasma Bc in addition to CD4+
and CD8+ Tc [67]. CD38 is also expressed on NKc, al-
though its role in this cell lineage remains unclear [68].
Functionally, CD38 is a cyclic adenosine diphosphate ri-
bose cyclase and hydrolase involved in the signal trans-
duction and activation of Bc and Tc. Inhibition of its en-
zymatic functions results in dysregulated ribose metabo-
lism that ultimately leads to cell apoptosis. CD38
expression is highest on naive Bc and Tc, with consider-
ably lower expression on mature, differentiated cells [69].
Importantly, CD38-mediated activation of Bc occurs via
associations with CD19 and CD21; on Tc or NKc, CD38
signaling requires a functional interaction with the CD3
receptor complex or CD16, respectively. Despite its po-
tential to target multiple immune cells, CD38 cell deple-
tion ostensibly targets Bc and pathogenic Ab production
in GD. Two anti-CD38 monoclonal antibody therapeu-
tics commonly used in GD are considered here: daratu-
mumab and isatuximab. Felzartamab and mezagitamab
are next-generation anti-CD38 monoclonal antibodies
reportedly with higher affinity (felzartamab) or enhanced
cytolytic activity (mezagitamab) currently in clinical tri-
als for membranous nephropathy and multiple myeloma.

Relatively little information has been published re-
garding the impact of anti-CD38 therapies on vaccine re-
sponses. Polyclonal IgG responses to pneumococcal or
Haemophilus influenzae vaccinations were unaffected by
daratumumab therapy in patients with multiple myeloma
[70]; notably however, polyclonal IgA, IgE, and IgM were
diminished. This pattern corresponded with a reduction
in class-switched CD38 + B plasma cells in the bone mar-
row. Interestingly, plasma cells with reduced CD38 ex-
pression survived daratumumab and were believed to be
responsible for the normal IgG response. Recent insights
have shed light on the potential impact of anti-CD38
agents on the immune response to COVID-19 vaccina-
tion. Following the first dose of the BNT162b2 vaccine,
patients on daratumumab exhibited lower neutralizing
antibody titers than controls in preliminary studies in an
ongoing clinical trial [71]. If this effect proves to be true
in larger studies, it would highlight the relationship be-
tween Bc activation and generation of antibody in re-
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sponses to SARS-CoV-2 or other vaccines. Guidelines for
the use of anti-CD38 therapy in the setting of vaccination
against COVID-19 are to vaccinate prior to initiation of
treatment or delay vaccination 90 days following the last
treatment cycle [19-24].

CD20+ and CD19+ Cell-Depleting Agents

Therapeutic targeting of CD20+ and CD19+ Bc is
among the most common strategies to treat diseases in-
volving pathogenic antibody. Examples of more recent
approaches in this regard include the belimumab (target-
ing the Bc-activating factor) and Bruton kinase inhibitors
such as ibrutinib. However, mainstay Bc inhibitors used
in treating GD have largely focused on CD20 Bc depletion.
Since the advent of rituximab representing this class of
agents, many anti-CD20 monoclonal therapies have
emerged for treating diseases ranging from hematologic
cancers to autoimmune diseases. These CD20-targeting
biologics include ocrelizumab, ofatumumab, obinutu-
zumab, and ublituximab. Biologics targeting CD20 induce
both antibody-dependent cell cytotoxicity (ADCC) and
complement-dependent cytotoxicity, resulting in the lysis
of Bc expressing this marker. These agents lead to nearly
complete ablation of CD20+ Bc from the peripheral circu-
lation; significant depletion of such cells typically endures
for 6 months post-infusion. In contrast, CD20+ cells ap-
pear to persist in tissues after the infusion of anti-CD20
agents such as rituximab, including in lymph nodes [72].
In 2020, inebilizumab became the first FDA-approved
therapeutic targeting Bc CD19; its first indication was the
neurological autoimmune disease, neuromyelitis optica
[73]. Because CD19 is expressed on terminally differenti-
ated memory Bc plasma cells (i.e., CD19+/CD27+), while
CD20 is not, anti-CD19 agents may target a greater span
of Bcinvolved in autoimmune GD. It should be noted that
subsets of Tc also express CD19 and CD20 and are de-
pleted by anti-CD19 and anti-CD20 biologic drugs [74,
75]. Thus, depleting CD8+ Tc interactions with CD19+ or
CD20+ Bc is now considered to contribute to the saluta-
tory efficacy of Bc-depleting agents targeting these mark-
ers in autoimmune or related diseases.

Therapeutics that deplete or inhibit Bc responses sig-
nificantly attenuate immune responses to vaccine anti-
gens. As expected based on their primary targeting of Bc,
the predominant effect of these agents focuses on im-
paired humoral immunity. Regarding conventional vac-
cines, the most recent data come from the VELOCE study
of ocrelizumab in patients with multiple sclerosis [76]. As
compared to control patients treated with IFN-f, those
on ocrelizumab generated significantly lower antibody ti-
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ters in response to tetanus toxoid or pneumococcal vac-
cines. Seropositive response (2- to 4-fold titer increase af-
ter 8 weeks) to tetanus or pneumococcal immunization
was 23.9% or 71.6%, respectively, in ocrelizumab treat-
ment, while 54.5% and 100%, respectively, in controls.
Similar results were seen in rituximab-treated neuromy-
elitis optica patients, where antibody responses to HIN1
influenza vaccination were substantially reduced as com-
pared to controls [77]. It should be emphasized that Bc
depletion does not entirely eliminate antibody response
to conventional vaccines, despite the near absence of cir-
culating CD20+ Bc for much of the dosing interval. This
observation highlights 2 important concepts relevant to
COVID-19 vaccination: (1) CD20+ Bc beyond the pe-
ripheral compartment may respond to vaccine antigens;
and (2) terminally differentiated CD19+ Bc may account
for antibody generation in the absence of CD20+ Bc sub-
sets (e.g., CD207/CD19* Bc plasmablasts).

Relative to the above information, limited data have
been published regarding Bc-depleting therapy in the con-
text of COVID-19 vaccination. As anticipated from its
mechanism of action and effects on conventional immuni-
zations, rituximab significantly impaired antibody response
to the first dose of BNT162b2 vaccine [50]. Recognizing the
durability of Bc-depleting biologics on target cell repletion
is also to be considered in COVID-19 vaccination strategies
for such patients. Kinetics of Bc repletion varies consider-
ably among anti-CD20 agents, with a mean range of 80%
repopulation of baseline CD20 Bc count by 35 weeks post-
rituximab, 40 weeks post-ofatumumab, and 72 weeks post-
ocrelizumab [78]. Based on these factors, emerging consen-
sus guidelines [19-24] advise that COVID-19 and other im-
munizations be updated prior to initiation of anti-CD20 or
anti-CD19 biologic therapy when practical. If vaccinations
are to be given while on therapy, protective immune re-
sponses may be maximized toward the end of the dosing
cycle (e.g., 4-6 months after prior dose), when Bc and Tc
populations have recovered. A related consideration is to
delay subsequent Bc-depleting biologic dose by 4 weeks for
patients whose disease is well controlled to allow for best
COVID-19 vaccine-induced immunity to be imparted.
Each of these strategies should be weighed against the rela-
tive risks of severe COVID-19 in the absence of vaccination,
and a potential for Bc-depleting therapy to prolong viral
shedding or increase morbidity and mortality due to SARS-
CoV-2 infection [79].

Complement Inhibitors
Beyond their direct pathogenic effects, some autoanti-
bodies in GD are capable of fixing complement to initiate
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a cascade of inflammation and tissue injury. This process
of classical complement fixation (C’) is known as ADCC.
First, recognition of the IgG dyad or IgM pentamer auto-
antibody constant fragment (Fc) region by complement
protein Cl1q catalyzes the initiation complex, Clqrs. In
turn, this complex activates complement proteins 2 (C2)
and 4 (C4) to form a heterocomplex termed C4b2a. This
complex cleaves complement protein C3 into C3a and
C3b. Next, C3b protein complexes to C4b2a, forming
C3b4b2a, or complement protein 5 (C5) convertase.
Cleavage of C5 is an important committed step in the C’
cascade, as it generates C5a and C5a derivative fragments.
Fragment C5b binds to the target cell and directs ensuing
binding of the membrane attack complex, C6-C9. This
effector complex perforates the target cell membrane,
leading to cell injury, cytokine elaboration, and death. In
parallel, C5a protein diffuses from the site of generation
as a chemotactic signal for recruitment of immune cells
including inflammatory neutrophils. In this way, C5
cleavage results in the direct injury of glomerular tissues
via the C6-C9 attack complex and recruitment of a high-
ly proinflammatory immune cell milieu leading to further
tissue damage.

With respect to ADCC, C5 inhibitors are often used to
treat GD. Two anti-C5 biologics are most commonly em-
ployed for this purpose: eculizumab and ravulizumab.
Currently, a small-molecule inhibitor of C5 - avacopan
- is pending FDA approval for use in anti-neutrophil cy-
toplasmic antibody vasculitis [80]. This agent binds to
C5areceptor on immune cells, preventing it from binding
to its cognate ligand C5a, thereby inhibiting chemoattrac-
tion [81]. Inhibitors of other steps in the C' cascade are in
clinical trial evaluation. These include narsoplimab - a
monoclonal Ab inhibitor of the mannose-binding lectin
serine protease (MASP2) involved in alternative C’ path-
way activation - in clinical trials for treatment of IgA ne-
phropathy [82].

Whereas complement inhibition can strongly impair
ADCC by preformed Ab, information is limited regard-
ing the impact of complement inhibition on response to
vaccine itself. Complement inhibitors have variable ef-
fects on protective responses to most conventional vac-
cines. For example, eculizumab impaired protective se-
rum bactericidal titer response in ~50% of atypical hemo-
lytic uremia syndrome (aHUS) patients following
vaccination for serogroup B meningococcal disease [83].
In this cohort, vaccination induced robust and protective
vaccine serum bactericidal responses in aHUS in the ab-
sence of eculizumab, indicating that uremia per se was
not the cause of vaccine attenuation. Similarly, therapy
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with eculizumab appeared to attenuate protective anti-
body response to the first dose of MenACWY vaccine in
aHUS patients [84]. Of the 25 patients studied, 20 had no
or incomplete protective response to 1 or more N. menin-
giditis serogroups after vaccination. The second dose vac-
cination improved responses in 9 of the 20 patients with
nonprotective immune responses to the first dose. It
should be noted that the role of worse uremia at the time
of first vaccine dose in these patients cannot be ruled out
as the basis for reduced vaccine efficacy. This concept is
supported by the observation that response to MenAC-
WY vaccine in paroxysmal nocturnal hemoglobinuria
was significantly better than that observed in aHUS pa-
tients [85]. While viral infections have been reported cor-
relating complement inhibitor therapy, these are exceed-
ingly rare [86]. This clinical experience is consistent with
ADCC having a relatively lesser role in clearance of viral
infected host cells than CD8+ Tc and other cell-mediated
mechanisms. Thus, while almost no data are yet available,
the impact of complement inhibition on response to
SARS-CoV-2 vaccines is expected to be nominal and
guidance [19-24, 66] accordingly encourages vaccination
in most patients.

Guidelines for patients on complement inhibitor ther-
apy typically require vaccine regimens (e.g., MenACWY
and serogroup B [MenB] meningococcal vaccines) prior
to initiation when possible [87]. Additional booster doses
may enhance protective efficacy or durability while on
complement inhibitor therapy. While almost no data are
available presently, this same approach is also advised re-
garding SARS-CoV-2 vaccination. This reasoning derives
from the observations that vaccines appear safe among
immunocompromised patients, and even a reduced pro-
tective immunity is better than no protective immunity
in GD patients who may be at heightened risk of severe
outcomes in COVID-19 [88].

Potential Strategies for Optimal Vaccine Response

The impact of immunosuppression on vaccines de-
signed to prevent COVID-19 awaits more knowledge de-
rived from published clinical studies. Even so, as detailed
above, some therapies have already been shown to atten-
uate immune response of vaccines targeting SARS-
CoV-2. Bomback et al. [89] recently suggested potential
modifications to certain therapeutic regimens, diagnostic
or monitoring practices, supportive care, and clinical vis-
its for GD patients during the COVID-19 pandemic. For
example, discontinuation of anti-metabolites was pro-

Immunosuppression and SARS-CoV-2
Vaccines in Glomerular Diseases

posed for patients with suspected or confirmed infection

by SARS-CoV-2, or in patients with sustained GD remis-

sion for >12 months. Recommendations also included
routine vaccinations against influenza and pneumococ-
cus but did not address vaccination against SARS-CoV-2.

In light of heightened risks of SARS-CoV-2 delta variant

(B.1.617.2) exposure and potentially worse COVID-19,

guidance from the vast majority of authoritative bodies

recommends vaccination of patients on immunosup-
pression therapy, including GD patients [19-24, 66]. Sev-
eral authoritative bodies recommend that patients receiv-
ing immunosuppressive therapies be prioritized for

SARS-CoV-2 vaccination. Even so, specific recommen-

dations for vaccination may vary slightly based upon

therapeutic regimens or other clinical management
uniquely implemented during the ongoing COVID-19
pandemic.

It should be noted that there have been a small number
of case reports of apparent de novo or relapsing GD fol-
lowing SARS-CoV -2 vaccination [90]. Of the 26 cases cit-
ed occurring within 3 weeks postvaccination, included
were 10 cases each of minimal change disease and immu-
noglobulin A nephropathy. The authors cautioned that
the extremely small number of cases reported relative to
hundreds of millions of vaccines dosed could reflect sim-
ple coincidence or unmasking of previously undiagnosed
disease. Further, while most of these reported cases oc-
curred following the use of mRNA vaccines, this relation-
ship is likely reflective of the significantly greater number
of mRNA vaccines administered. Such case reports rep-
resent an infinitesimally small proportion of persons who
have safely received vaccination and gained life-saving
protective immunity against COVID-19. Thus, the ben-
efits of vaccination greatly outweigh any highly remote
risk of de novo GD or relapse, and proceeding with vac-
cination is strongly recommended by the authors.

Experience regarding the impact of immunosuppres-
sion on conventional vaccines may shed light on potential
strategies to optimize efficacy of the COVID-19 vaccines.
In this respect, current guidelines resonate around con-
sideration of one or more of the following strategies [19—
24, 66, 89-101]:

+ Avoid vaccines containing live or replicative-compe-
tent viral vectors in GD patients (or any patients) re-
ceiving IST;

+ Vaccinate prior to initiation of IST whenever feasible;
do not delay therapy if that would increase risk of
worsening GD;

« Consider alteration or transient discontinuation of
certain immunosuppressive regimens if patients are
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suspected or confirmed to have SARS-CoV-2 infec-
tion, or who have achieved long-term remission of
their GD or immune-mediated disease (e.g., for >12
months prior) [89];

o For therapies resulting in profound Bc or Tc depletion
for protracted time, vaccinate prior to initiation of
therapy or at logical time windows when immune re-
sponses have partially or fully recovered prior to next
dose cycle;

o Monitor immune biomarkers of protective immunity
to SARS-CoV-2 postvaccination as these become more
specifically characterized with additional research;

« Consider additional doses/boosting based on response
or durability of prior vaccine doses [92-95]. The US
FDA recently provided emergency use authorization
for a booster dose of the mRNA vaccine(s) (e.g. BioN-
Tech/Pfizer FDA emergency use authorization for
third dose booster as of 9/22/2021) in certain immu-
nocompromised persons, including those on treat-
ment regimens that substantially suppress immune re-
sponse [96].

+ Consider modification of vaccine dose or interval in
specific patients define as at-risk due to immunosup-
pression following local, regional, or national health
authority policies [97-100];

o While not yet available or approved, consider emerg-
ing options to alter the mode of vaccine administration
(e.g., intradermal or intranasal vs. intramuscular) to
address intramuscular needle injection hesitancy or
potentially enhance contextual immune responses
(e.g., IgA in airway epithelium) [101, 102].

o Consider administering SARS-CoV-2 vaccines in
combination with traditional immunizations (e.g., in-
fluenza) to leverage opportunities to enable protective
immunity against other known transmissible diseases
afforded by standard vaccines [92].
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