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ABSTRACT

Since January 2020, the whole world
has been facing the worst epidemic for
a century. SARS-CoV- 2 infection has
so far caused more than one million
deaths, with the only measures capa-
ble of containing the spread of the virus
being social distancing, frequent hand
washing, and the wearing of masks.
Vaccine development was urgently
needed and there are now more than
90 candidate vaccines being developed
using different technologies. The Euro-
pean Medicines Agency has recently ap-
proved a second mRNA-based vaccine,
but the introduction of vaccines has
raised some doubts about patients with
rheumatic disease, who are at high risk
of infection because of disease activity
and the therapies used to treat it.

The aim of this study was to investigate
how vaccines may interact with the
immune system and treatment of such
patients, and how to monitor the post-
vaccine antibody titres and T cell re-
sponses in order to assess their efficacy
and safety.

Introduction

SARS-CoV-2 is a highly transmissible
virus that has rapidly spread from Chi-
na to the rest of the world since Janu-
ary 2020, causing the worst pandemic
for a century. Data from Johns Hopkins
University of Medicine indicates that it
has so far infected more than 84 million
people and killed 1,838,982.

The risk of developing severe compli-
cations or death is greater among older
patients and those with co-morbidities
such as pre-existing respiratory or car-
diovascular conditions, diabetes, and
rheumatic disease, but there are conflict-
ing data concerning the real incidence
of SARS-CoV-2 infection in patients
with rheumatic diseases (RMD) (1).
In one study of 458 patients, thirteen

reported symptoms suggesting SARS-
CoV-2 infection, of whom only one of
the seven patients who underwent a na-
sopharyngeal swab test developed se-
vere complications. The prevalence of
SARS-CoV-2 infection in this study was
therefore 0.22% (0.01-1.21%), which
is comparable with that observed in the
general population of Tuscany (0.20%
[0.20-0.21%]; p=0.597) (2). However,
data from a study using a chemilumi-
nescence serological test (3) in the same
geographical area found an estimated
odds ratio (OR) of 3.01 (95% CI 1.13—
8.09; p=0.047) (4). Furthermore, regis-
try data and meta-analyses have shown
that the incidence of infection is greater
among patients with RMD, that there is
a possible association with a prednisone
dose of >10 mg/day, and that there is no
difference between patients treated with
biological or targeted disease-modify-
ing anti-rheumatic drugs (b-DMARDs
and ts-DMARD:s) (5-6). A retrospective
study conducted by the Italian Society
of Rheumatology found that 34.1% of
232 patients hospitalised because of
COVID-19 had rheumatoid arthritis
(RA) and 26.3% ankylosing spondylitis
(AS) (7), thus confirming that disease
activity status and immunosuppressive
treatment places RMD patients at high
risk of SARS-CoV-2 infection.

More than 90 candidate vaccines are
being developed using various tech-
nologies, including recombinant pro-
tein-based vaccines, replicating or non-
replicating viral vector-based vaccines,
DNA vaccines, mRNA vaccines, live
attenuated vaccines, and inactivated vi-
rus vaccines (Fig. 1). However, their in-
troduction raises some questions about
their use in patients with RDM:

1. How do the vaccines work on the
immune system?

2. What may be a safe vaccine for
patients with RMD?
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3. How might DMARDs, b-DMARDs
and ts-DMARDs interfere with the vac-
cines?

4. How can the vaccination of RMD
patients be monitored?

1. How do the vaccines work

on the immune system?

The Italian Ministry of Health has
planned to purchase the following
vaccines for the first quarter of 2021:
BNT162b2 from Pfizer and BioN-
Tech, mRNA-1273 from Moderna,
and ChAdOx1 nCoV-19 from NIHR
Oxford Biomedical Research and As-
traZeneca. The immune response after
immunisation with a conventional pro-
tein antigen absorbed by dendritic cells,
which are activated by distress sig-
nals via pattern recognition receptors
(PRRs) in the adjuvant, is transferred
to the draining lymph node, where the
presentation of vaccine protein antigen
peptides by MHC (Major Histocompat-
ibility Complex) molecules activates
T cells via T cell receptors (TCRs). In
combination with signalling (via solu-
ble antigen) through B cell receptors
(BCRs), T cells drive the development
of B cells in the lymph node, and T cell-
dependent B cells assure the maturation
of the antibody response, increase an-
tibody affinity, and induce antibodies
against different isotypes. The produc-
tion of short-lived plasma cells that ac-
tively secrete antibodies specific to the
vaccine protein leads to a rapid rise in
serum antibody levels over the follow-
ing two weeks. Immune memory is me-
diated by memory B cells that are also
produced, and long-lived plasma cells,
which can continue to produce antibod-
ies for decades, are transported to bone
marrow niches. CD8" memory T cells
can proliferate rapidly when they en-
counter a pathogen, and CD8* effector
T cells are important for the elimination
of infected cells (8).

BNT162b2 is a lipid nanoparticle-for-
mulated, nucleoside-modified RNA vac-
cine that encodes a prefusion stabilised,
membrane-anchored, full-length SARS-
CoV-2 spike protein and elicits RBD-
binding IgG and neutralising antibodies.
Twenty-one days after the first vaccine
dose, geometric mean titres (GMTs) of
RBD-specific IgG range from 534 U/
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« These vaccines are made using the
virus itself. In of live attenuated
vaccines, the virus is weakened by
mutations and therefore less capable
of causing disease. In inactivated
vaccines, the virus is chemically
inactivated

* These vaccines are made using
genetically engineered virus in order
to produce coronavirus proteins in
the body. They may be replicating
vaccines such as that against ebola

r non-replicating vaccines.

* DNA or mRNA is inserted into
human cells, which produce copies
of viral proteins.

Protein /
based

* These consist of fragments of
viral proteins or the virus shell
lacking genetic material, virus-
like particles, or protein sub-
units.

Fig. 1. Different technologies used to develop vaccines against SARS-CoV-2.

mL to 1778 U/mL, and are similar to or
higher than those observed in a human
convalescent serum panel. Two weeks
after the second dose, GMTs of neutral-
ising antibody are 1-9 times higher than
those of the panel after a 10 ug dose and
4-6 times higher after a 30 ug dose, thus
suggesting the presence of antibody af-
finity maturation (9-10). BNT162bl
also elicits CD4+ type 1 helper T (Thl)
cell responses and strong interferon-y
and interleukin-2-producing CD8* cyto-
toxic T-cell responses (11).

Moderna and the American National
Institutes of Health have jointly devel-
oped the mRNA-1273 vaccine, which
consists of sequence-optimised mRNA
encoding the spike glycoprotein encap-
sulated in lipid nanoparticles (12). At a
dose of 100 pug, mRNA-1273 produces
high levels of binding and neutralising
antibodies that decline slightly over
time, but remained high in all of the trial
participants three months after a booster
vaccination (13). By day 119, the GMT
was 235,228 (95% C1177,236-312,195)
in the participants aged 18-55 years,
151,761 (95% CI 88,571-260,033) in
those aged 56-70 years, and 157,946
(95% CI1 94,345-264 ,420) in those aged
>71 years (14). In response to S-specif-
ic peptide pools, the vaccine elicits a
strong CD4 cytokine response involv-
ing Thl cells: tumour necrosis factor
(TNF) a responses are greater than in-
terleukin-2 responses, which are greater
than interferon-y responses (15).
Oxford University in the UK and Astra-
Zeneca have developed a chimpanzee

adenovirus-vectored investigational vac-
cine (ChAdOx1/AZD1222) encoding
the spike glycoprotein of SARS-CoV-2
(16). Humoural responses at baseline
and up to one year after the booster have
been assessed using a standardised in-
house enzyme-linked immunosorbent
assay (ELISA), a multiplex immuno-
assay, and a live SARS-CoV-2 micro-
neutralisation assay (MNAS80), and cell
responses have been assessed using an
ex-vivo IFN-y enzyme-linked immuno-
spot assay. Neutralising antibody titres
after the booster dose have been found
to be similar in all age groups (median
MNASO levels on day 42 in the stand-
ard-dose groups were 193 [IQR 113-
238] in the subjects aged 18-55 years;
144 [119-347] in those aged 56-69
years; and 161 [73-323] in those aged
=70 years (p=0-40). Fourteen days after
the booster dose, 208 (>99%) of the 209
boosted trial participants had neutralis-
ing antibody responses. T-cell responses
peaked 14 days after a single standard
dose: a median of 1187 spot-forming
cells [SFCs] per million peripheral blood
mononuclear cells [IQR 841-2428] in
the participants aged 18-55 years; 797
SFCs [383-1817] in those aged 56—69
years; and 977 SFCs [458-1914] in
those aged =70 years (Fig. 2) (17).

2. What may be a safe vaccine

for patients with RMD?

Despite the risk of infection in patients
with RMD, pneumococcal pneumonia,
influenza, and shingles vaccination rates
are not optimal. In the United States,
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Fig. 2. How different types of vaccines and SARS-CoV-2 stimulate an immune response.

After the binding of the viral surface spike protein with a human cell receptor, the viral membrane fuses with that of the human cell, thus allowing viral ge-
nome to enter the cell. Once inside, the viral RNA is translated and more viruses are replicated. Antigen-presenting cells (APCs) ingest the virus and display
the viral peptide, consequently activating T helper cells, which stimulate B cells to make antibodies against the virus. A similar immune response occurs with
the administration of the different types of vaccine.

only 28.5% of RA patients are optimally
vaccinated against pneumococcal pneu-
monia and 45.8% are optimally vacci-
nated against influenza (18-19); vacci-
nation against shingles is even less fre-
quent, with 2012 estimates suggesting
that only 4.0% of RMD patients aged
>60 years had been vaccinated (20).

Anaphylactic reactions to BNT162b2
and mRNA-1273 have been observed,
especially in subjects with a history of
allergies, and a recent review suggests
that polyethylene glycol (PEG) 2000
in the lipid film of the two vaccines
plays a pathogenetic role. It is also as-
sumed that IgE-mediated mechanisms
and those linked to the activation of
tryptase and complement may be in-
volved. The polysorbate 80 contained
in the excipients of ChAdOx1 nCoV-19
may also lead to the same mechanism
(21). PEG is an attractive means of
developing nanoparticle-based cancer
treatments because it endows the na-
noparticles with extended-circulation
properties. Recent studies have shown
that the intravenous injection of PE-
Gylated liposomes (SLs) or PEGylated
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lipoplex (PLpx) can elicit an anti-PEG
immunoglobulin (IgM) response in a
T cell-independent manner (22), and
anti-drug antibodies (ADAs) such as
anti-certolizumab and anti-pegol anti-
bodies have been demonstrated in RA
patients using a bridging ELISA (23).
Patients with immunodeficiency and
autoimmune diseases were included
in the trial of BNT162b2, but the data
have not yet been published (9-10).
Antibody response is an important
component of protective immunity dur-
ing SARS-CoV-2 infection (24). Het-
erotypic (non-neutralising) antibodies
may facilitate viral entry into cells by
interacting with Fc receptors or com-
plement, and this process could lead to
the activation of macrophages, mono-
cytes and B cells, and the production
of IL-6, TNF-a and IL-10 even in the
absence of active viral replication in
immune cells (25).

Cases of vaccine-induced, antibody-de-
pendent enhancement have been report-
ed after the use of formalin-inactivated
vaccines against respiratory syncytial
virus and measles, and after the use of

a vaccine against dengue virus. (26-28),
and concerns have therefore been raised
about potential antibody-dependent
enhancement after vaccination with a
COVID-19 vaccine (29). Furthermore,
the risk of Fc-mediated antibody-de-
pendent enhancement receptors may be
increased by mutations in SARS-CoV-2
spike glycoprotein that may weaken the
antibody response of the primary host.
Monocytes, macrophages, and B cell in-
fections may affect numerous tissues as
a result of subsequently unstable virus-
antibody complexes leading to exten-
sive apoptosis of immune cells and the
production of inflammatory cytokines
(30). An antibody-dependent infection
study of the human macrophages of
SARS-CoV-1 demonstrated the role of
anti-spike glycoprotein IgG in immune
cell infection, and antibody-dependent
enhancement is activated downstream
signalling pathways of FcyRII recep-
tors (31-33).

Moreover, the fact that the new vac-
cines were released much more quickly
than the usual 12-15 years (34) has
raised considerable concern, especially
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among non-experts. The clinical trial
stages for classical and COVID-19
vaccines are well illustrated in the re-
view by Calina et al. (35). The shorter
approval time can be explained by the
fact that research into RNA vaccines
started some years before the advent
of COVID-19, a large number of peo-
ple were working on the project, and
large amounts of money were given to
research in a very short time. Further
time was saved because, in comparison
with traditional trials, regulatory agen-
cy assessments of the results obtained
were made as the data were produced
and not upon the completion of all of
the studies, as is usually the case. Con-
sequently, all of the stages laid down
in research protocols to investigate the
safety and efficacy of the vaccines were
respected.

3. How might DMARDs,
b-DMARDs and ts-DMARDs
interfere with the vaccines?

Patients with rheumatic or inflamma-
tory bowel diseases (IBDs) may be at
higher risk of infection not only be-
cause disease activity, co-morbidities,
immunosuppressive drugs including
glucocorticoids  (GCs), DMARDs,
conventional synthetic DMARDs (cs-
DMARD:s), b-DMARDs, ts-DMARDs,
and the biological agents currently
available for treating patients with IBD
are all considered risk factors for infec-
tive complications, but also because
there are risks inherent to the individual
diseases and their treatments (36).
There are currently no published data
concerning SARS-CoV-2 vaccinations
in patients with RMD, but there data
concerning influenza, pneumococcus
and shingles vaccines. The immuno-
genicity of influenza vaccine is evalu-
ated on the basis of haemagglutinin
inhibition antibody titres, and a titre
of at least 1:40 is considered protec-
tive (37). The majority of studies that
have evaluated the effect of methotrex-
ate (MTX) on vaccine immunogenicity
suggest that haemagglutinin inhibition
antibody titres are similar or slightly
lower in MTX-treated patients, and
that the proportion of patients reaching
protective titres is generally similar in
patients taking DMARDs and control
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RA patients (36), and these data have
been confirmed by a meta-analysis of
five studies (38).

Two studies of 254 subjects (122 RA
patients and 132 healthy controls) have
examined MTX exposure and 6B and
23F pneumococcal serotype responses,
and found that MTX exposure was
associated with a reduced vaccine re-
sponse (39, 40). Three studies have
examined the effect of TNF inhibition
on pHINI1 influenza responses and
combined the results with seasonal in-
fluenza HIN1 responses: TNF inhibi-
tion was not associated with reduced
SP seroprotection responses to HINTI,
H3N2, or B strain (41-43). Two studies
of 273 subjects (141 RA patients and
132 healthy controls) have assessed
6B and 23F pneumococcal serotype
responses after exposure to TNF in-
hibition, and found no significant dif-
ference the two groups (39, 40). Some
data concerning abatacept (ABA) in-
dicate a significantly worse humoural
response to HIN1 vaccination in ABA-
treated patients than in age-matched
MTX-treated patients (44), whereas
another study found conserved re-
sponses to influenza vaccine in 49.5%
of 296 patients exposed to ABA (45).
A significant reduction in antibody re-
sponse rates for seroconversion (SC)
against pneumococcal 6B and 6B / 23F
was observed in ABA-exposed subjects
compared to MTX control groups (46).
In contrast, a conserved SP response
has been described to PPV vaccination
23 with 55.4% of patients exposed to
ABA having an adequate response to
treatment (45). Appropriate humoural
responses to pHIN1 vaccination have
been observed in patients treated with
tocilizumab (TCZ) (47), but a compar-
ative study of TCZ monotherapy and
combined MTX and TCZ treatment
found that the latter led to an attenu-
ated response to the pHIN122 vaccine
(48). TCZ monotherapy is not associ-
ated with a reduced response to the
PPV23 vaccine (49), but its combina-
tion with MTX has can blunt combined
6B and 6B/23F serotype responses
(50). About two-thirds of patients re-
ceiving long-term baricitinib treat-
ment showed humoural and functional
responses to the PCV-13 vaccine, but

less robust responses to tetanus toxoid
vaccine (TTV); the PCV-13 response
was not reduced in those taking con-
comitant corticosteroids (51). In one
study, humoural responses (varicella
zoster virus [VZV] with a specific IgG
level determined by the immunosorb-
ent assay linked to the glycoprotein
enzyme) and cell-mediated responses
(enumeration of specific T cells for
VZV, as determined) were evaluated
from the test linked to the immunospot
enzyme). Patients who initiated tofaci-
tinib (TOF) treatment 2—-3 weeks after
receiving Live-Zoster-Vaccine (LZV)
exhibited LZV-specific, cell-mediated,
and humoural VZV immune responses
similar to those seen in placebo-treated
patients; vaccination appeared to be
safe in all patients (52). Two studies
have evaluated humoural responses
to trivalent influenza vaccine, both of
which defined a humoural response
as a 4-fold increase in at least two of
three influenza antigens five weeks
after vaccination: in randomised TOF-
naive patients, combined TOF + MTX
therapy was associated with a worse
humoural response than placebo, TOF
or MTX alone; the temporary with-
drawal of TOF from one week before
to one week after vaccination had no
significant effect on responses. The
TOF + MTX combination was associ-
ated with a reduced humoural response
to the PPV23 vaccine in comparison
with placebo, TOF or MTX alone, with
the temporary withdrawal of TOF from
one week before to one week after vac-
cination having little effect on the re-
sponse (53).

Although it is thought that most au-
toimmune diseases are mediated by
CD4* T cells or antibodies, many re-
spond to CD20-reducing antibodies
that have a limited effect on CD4 and
plasma cells. These antibodies include
rituximab, oblinutuzumab and ofatu-
mumab, which are approved for the
treatment of cancer and RA and used
for the off-label treatment of a large
number of other autoimmune diseases,
and ocrelizumab, which is used to treat
multiple sclerosis. On the basis of the
already known and emerging biology
of autoimmunity and COVID-19, it has
been hypothesised that B cell depletion
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does not necessarily expose people to
serious SARS-CoV-2-related prob-
lems, but could inhibit protective im-
munity following the infection or vac-
cination (54), although drug-induced
inhibition of B cells (which control at
least some autoimmunity) would not
affect the innate and CD8 T cell re-
sponses that are central to the elimina-
tion of SARS-CoV-2, or the hyperco-
agulation and innate inflammation that
cause severe morbidity. This is clini-
cally supported by the fact that most
people infected with SARS-CoV-2 or
CD20 autoimmunity have recovered.
However, on the basis of B cell repop-
ulation kinetics and vaccine response
data from published studies of rituxi-
mab and ocrelizumab (NCT00676715,
NCT02545868), it is likely that protec-
tive neutralising antibodies and vacci-
nation responses will be attenuated un-
til naive B cell repopulation (55), thus
suggesting that interrupting the admin-
istration of these drugs may control
the inflammatory disease while allow-
ing for effective vaccination against
SARS-CoV-2. There are currently no
recommendations on how to vaccinate
for SARS-CoV-2 in patients with rheu-
matic diseases but the ACR has pro-
posed some safety for those with RNA
and for vectors (56). There is also a lack
of data on vaccination in subjects who
have already had COVID-19. A poten-
tial barrier to antibody-based vaccines
and therapies is the risk of exacerbating
the severity of COVID-19 by antibody
dependent enhancement (ADE). ADE
can increase the severity of multiple
viral infections, including other respir-
atory viruses such as respiratory syn-
cytial virus (RSV) and measles. ADE
in respiratory infections is included in
a broader category named enhanced
respiratory disease (ERD), which also
includes non-antibody-based mecha-
nisms such as cytokine cascades and
cell-mediated immunopathology (57).
The role of the rheumatologist in the
management of SARS-CoV-2 infection
was central in the first months of the
infection, for the pathophysiological
knowledge of the cytokine activation
syndrome (58) and its treatment with
rheumatological drugs (steroids, hy-
droxychloroquine, tocilizumab, anak-
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inra) (59), in the future we will have
to know how to manage biological
and immunosuppressive therapies as a
function of vaccination and monitoring
the patient’s immunity (60).

4. How can the vaccination

of RMD patients be monitored?
Vaccine-induced protective immunity
should be assessed by evaluating hu-
moural and cell immune responses to
COVID-19 antigens. As the T cell re-
sponse lasts longer than the humoural
response, it may be considered the best
sign of successful post-vaccination im-
munity, and a number of authors have
recently stated that any vaccine against
SARS-CoV-2 should be designed to in-
duce virus-specific T cells rather than
antibodies alone (61-62). Laboratory
searches for broadly specific cell re-
sponses to more than just the spike pro-
tein should concentrate on CD8* and
CD4* T cell responses.

The human IFN-y release assay has
been used to investigate specific T-
cell responses to vaccination. Pools of
peptides from a range of viral proteins,
including spike, nuclear and membrane
proteins can be used to stimulate fresh
peripheral blood mononuclear cells
(PBMCs) in order to determine the
magnitude of the global SARS-CoV-
2-specific T cell response. However, as
the results from some current studies
have shown the presence of both CD4
Th1 and CD8 T cell responses (63), the
correlation between vaccine-induced
immunity and protection requires fur-
ther investigation. Furthermore, the
main limitation of the human IFN-y
release assays that they are still mainly
used for research only (not CE-IVD or
FDA approved), and their value in the
real life scenario will continue to be
investigable until they will be used for
diagnostic purposes.

Preliminary reports of humoural and
T cell responses to three SARS-CoV-2
vaccines for humans (17, 29, 64) and
candidate vaccines for non-human
primates (65-66) have been published
so far. All of these have shown the in-
duction of anti-spike antibodies and
spike-reactive T cells over a period of
1-2 months (2—4 weeks in non-human
primates), but the T cell responses

have not yet been clearly characterised.
Moreover, studies of non-human pri-
mates have also shown that a T-cell re-
sponse is a better marker of immunity
than an antibody response, and is more
marked than after natural COVID-19
infection.

It is worth noting that humoural re-
sponses in COVID-19 patients vary
widely, and that post-vaccination an-
tibody titres may have different pat-
terns: a rapid spike after disease onset,
followed by a decline that stabilises
at a higher level than that necessary
for protection; lower peak titres dur-
ing acute infection that subsequently
slightly decrease but remain above the
protective threshold over time; or peak
titres in the acute phase that do not
lead to long-term antibody responses
(67). The major target of antibodies
is the spike protein, particularly the
receptor-binding domain (RBD) as
binding to this domain prevents the
conformational change required to al-
low the virus to bind ACE2 efficiently
and enter human cells. Anti-spike gly-
coprotein and anti-RBD antibodies
should be considered neutralising an-
tibodies specific to SARS-CoV-2 that
are induced by a vaccination and es-
sential for viral clearance. Most of the
current vaccine studies have reported
anti-spike/RBD binding and neutral-
ising IgG responses, and some have
also reported antigen-specific T cell re-
sponses. Neutralising antibodies can be
quantified by neutralisation and immu-
nometric assays, and the quantification
of neutralising antibody levels should
enable us to determine whether a vac-
cinated subject is sufficiently protected
or needs a revaccination, thus making
antibody titres good biomarkers of pro-
tective efficacy.

The study by Anderson et al. (13)
found that the mRNA-1273 vaccine in-
duced time- and dose-dependent high
levels of binding and neutralising an-
tibodies in older adults, and the same
trend has also been observed in young-
er adults (64); responses after the sec-
ond vaccination were similar to those
observed in patients who had recov-
ered from COVID-19 and had donated
convalescent serum. Seroconversion of
binding antibodies was rapid (within
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two weeks of the first vaccination),
but pseudovirus neutralising activity
was low before the second vaccination,
thus indicating that two doses are nec-
essary. However, the IFN-y production
response was similar in the one- and
two-dose groups.

The durability of antibody and T cell
responses has not yet been assessed,
and so how and when a laboratory
should monitor post-vaccination im-
mune responses is still unclear. Howev-
er, COVID-19 serological assays (68)
may help to ascertain such responses to
vaccines. There is a wide range of dif-
ferent, commercially available antigen
assays, but the added value of target-
ing the spike or RBD protein is that the
titres are more likely to reflect post-
vaccination protection. The availability
of international standards for SARS-
CoV-2 antibodies will facilitate the
comparability of the results of different
assays, and eventually harmonise vac-
cine evaluations, but the immunologi-
cal thresholds required to establish vac-
cine efficacy are still undefined (69).

Take home messages

* There are conflicting data concerning
the real incidence of SARS-CoV-2
infection in patients with rheumatic
diseases

e The only measures capable of con-
taining the spread of the virus be-
ing social distancing, frequent hand
washing, wearing of masks and actu-
ally the vaccination.

* 90 candidate vaccines are being de-
veloped using various technologies.

e There are currently no recommenda-
tions on how to vaccinate for SARS-
CoV-2 rheumatic patients or subjects
who have already had COVID-19.

e Interrupting the administration of
rituximab may control the inflam-
matory disease while allowing for
effective vaccination against SARS-
CoV-2.

* Based on previous vaccinations, it is
recommended that MTX be discon-
tinued one week before vaccination
and restarted the third week after vac-
cination.

e A potential barrier to antibody-
based vaccines and therapies is the
risk of exacerbating the severity of
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COVID-19 by antibody dependent
enhancement (ADE).

e Vaccine-induced protective immu-
nity should be assessed by evaluat-
ing humoural and cell immune re-
sponses to COVID-19 antigens.

* Neutralising antibody titres are good
biomarkers of protective efficacy.
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