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ARTICLE INFO ABSTRACT

Article history: Background: Patients with autoimmune rheumatic diseases (ARD) are at a potentially higher risk for
Received 9 September 2022 COVID-19 infection complications. Given their inherent altered immune system and the use of
Received in revised form 17 May 2023 immunomodulatory medications, vaccine immunogenicity could be unpredictable with a suboptimal

Accepted 17 May 2023

: . or even an exaggerated immunological response. The aim of this study is to provide real-time data on
Available online xxxx

the emerging evidence of COVID-19 vaccines’ efficacy and safety in patients with ARDs.

Methods: We performed a literature search of the PubMed, EMBASE, and OVID databases up to 11-13
April 2022 on the efficacy and safety of both types of the mRNA-vaccines and the AstraZeneca COVID-
19 vaccines in patients with ARD. The risk of bias in the retrieved studies was evaluated using the

Keywords:
Adverse events
Autoimmune Rheumatic Disease

COVID-19 vaccine Quality in Prognostic Studies tool. Also, current clinical practice guidelines from multiple international
Disease flare professional societies were reviewed.

Immunogenicity Results: We identified 60 prognostic studies, 69 case reports and case series, and eight international clin-
Safety ical practice guidelines. Our results demonstrated that most patients with ARDs were able to mount

humoral and/or cellular responses after two doses of COVID-19 vaccine although this response was sub-
optimal in patients receiving certain disease-modifying medications including rituximab, methotrexate,
mycophenolate mofetil, daily glucocorticoids >10 mg, abatacept, as well as in older individuals, and those
with comorbid interstitial lung diseases. Safety reports on COVID-19 vaccines in patients with ARDs were
largely reassuring with mostly self-limiting adverse events and very minimal post-vaccination disease
flares.
Conclusion: Both types of the mRNA-vaccines and the AstraZeneca COVID-19 vaccines are highly effective
and safe in patients with ARD. However, due to their suboptimal response in some patients, alternative
mitigation strategies such as booster vaccines and shielding practices should also be followed.
Management of immunomodulatory treatment regimens during the peri vaccination period should be
individualized through shared decision making with patients and their attending rheumatologists.
© 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

The intersection between coronavirus-19 disease (COVID-19)
with autoimmunity has been well-recognized since the start of
the pandemic [1]. The wide clinical spectrum of COVID-19 infec-
tion reflects a corresponding variable immune response mounted
against the virus. All immune system components contribute to
the immunological response against severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) to eliminate the virus and
recover from the infection. However, in patients with the most crit-
ical form of the infection, dysregulated immune response leads to
deviation of the protective immunity causing severe inflammatory
reactions, excessive cytokine release, and multisystem inflamma-
tory syndrome [2].

The immune system utilizes a multi-layered approach to bal-
ance the immune reaction against true threats from antigens that
should be ignored like self and inert environmental antigens [3].
The complex pathogenesis of ARDs is believed to result from a
combination of genetic predisposition, environmental factors (in-
cluding viral infections), and dysregulated immune response that
triggers an imbalance between effector inflammatory pathways
and tolerogenic control mechanisms which favors aberrant inflam-
matory response [4]. Many viral infections are implicated in the
pathogenesis of multiple autoimmune rheumatological diseases
[1]. Although this association has not yet been well understood,
some of the postulated mechanisms include molecular mimicry,
epitope spreading, bystander activation, and breaching of central
or peripheral tolerogenic pathways [5]. On the other hand, epi-

demiological studies suggested that viral infections could also pro-
tect from autoimmunological pathologies through regulatory
immune responses that suppress autoimmune phenomena [6].

Managing ARD during the COVID-19 pandemic is challenging
for both patients and healthcare providers. In addition to their
inherently altered immune system, many patients receive
immunomodulatory medications and are at higher risks for comor-
bid cardiovascular and/or interstitial lung diseases which further
increase their risk for severe forms of COVID-19 infection [7].
Moreover, concerns were reported regarding the persistence and
evolution of the SARS-CoV-2 virus in immunocompromised
patients leading to the emergence of virulent or vaccine-resistant
variants [8]. Fig. 1 illustrates the bidirectional effects of COVID-
19 disease with ARD [9].

Several professional societies recommend COVID-19 vaccines
for patients with ARD irrespective of their diagnosis or treatment
regimen as the potential benefits outweigh the risks [10,11]. How-
ever, many questions were raised regarding the safety and efficacy
of COVID-19 vaccines in patients with ARD especially since those
patients were largely excluded from the initial vaccine clinical tri-
als [12]. This systematic review aims to critically review available
data on the safety and efficacy of the two types of mRNA- and the
adenoviral-vector AstraZeneca COVID-19 vaccines in patients with
ARDs, and summarize the most updated international societies’
recommendations on their use in this unique population. In this
paper, the term ‘COVID-19 vaccines’ refers to the two types of
mRNA and AstraZeneca COVID-19 vaccines unless specifically
specified otherwise.
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Fig. 1. The bidirectional relationship of COVID-19 with autoimmune rheumatic diseases [9]. Reproduced from [Rheumatology and COVID-19 at 1 year: facing the

unknowns, Calabrese et al., 80, 2022] with permission from BM] Publishing Group Ltd.

Professional

NSl
Plasma cell

\4{ ¢< Antibody
4

IMMUNE RESPONSE 4l

Antigen Presenting Cell \

i
TCR arigen S8 ,
% MHC | mRNA vaccine

Protein vaccine
e

Inactivated SARS-CoV-2
or recombinant virus with
SARS-CoV-2 antigen

R a3

DNA vaccine

VACCINE PLATFORMS

Fig. 2. Mechanism of action of different types of vaccines against SARS-CoV-2, modes of antigen presentation and generation of protective immunity [ 19]. This image
is licensed under the Creative Commons Attribution 4.0 International License found at http://creativecommons.org/licenses/by/4.0/.

1.1. Overview of the mRNA and AstraZeneca COVID-19 vaccines

Multiple COVID-19 vaccines were developed rapidly with the
help of advanced health science technology. In the UK, and up to
April 2022, three SARS-CoV-2 vaccines were approved and have
been available for use which are: Moderna (mRNA-1273),
Oxford/AstraZeneca (ChAdOx1 nCoV-19/AZD1222) and Pfizer-
BioNTech (BNT162b2) vaccines [13]. The three vaccines use differ-
ent vaccination platforms to stimulate the production of neutraliz-
ing antibodies (NAbs) against the SARS-CoV-2 spike (S) protein.
Therefore, they block the binding of viral particles with
angiotensin-converting enzyme 2 (ACE2) receptors on the cell sur-
face membrane preventing viral fusion [14].

1.2. mRNA vaccines

Both Moderna and Pfizer-BioNTech vaccines utilize engineered
RNA wrapped in lipid nanoparticles (LNPs) to generate full-length
spike proteins in the cytoplasm without entering the cell nucleus.
The LNPs stabilize the mRNA and work as adjuvants to induce
B-cell and T-follicular helper cells’ immunological reactions [15].
In this process, the S protein is presented by the major histocompat-

ibility complexes class I and class Il (MHC-I and MHC-II) to elicit CD8
+and CD4+ T-cell immunity resulting in memory T-cells and B-cells
production with NAbs formation [15]. However, a single dose of
either type of mRNA vaccine was found to be associated with more
than 90 % efficacy in preventing symptomatic disease [16,17]. Con-
sidering the low detectable titer of NAbs after a single dose of mRNA
vaccine, Sadarangani et al. suggested that this early efficacy is
mainly attributed to non-neutralizing antibodies immunity where
innate immune mechanisms confer early protection by the produc-
tion of type I or type Il interferons leading to pathogen-agnostic pro-
tection [12].

1.3. Adenoviral-vectored vaccine

Oxford/AstraZeneca vaccine uses a modified chimpanzee DNA
adenovirus to deliver DNA vectors into the cellular cytoplasm which
migrate to the nucleus afterward to produce S protein particles.
Thereafter, S protein particles are expressed on the cellular surface
membrane using MHC-I and MHC-II complexes which promote T-
cells, B-cells and plasma cell activation [17]. Notably, a single dose
of the Oxford/AstraZeneca vaccine was found to stimulate polyfunc-
tional antibodies including NAbs and other antibody-dependant
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Fig. 3. Causality assessment of post-COVID-19 vaccination adverse events and autoimmune phenomena based on the WHO (2022) guidelines [21].

Table 1
The systematic review research questions and study outcomes.

Research questions

. What is the rate of immunological response to COVID-19 vaccines in patients with ARD?
. How effective are COVID-19 vaccines in patients with ARD in terms of protection from symptomatic breakthrough COVID-19 infections?

. Does the use of COVID-19 vaccine is associated with new-onset ARD precipitation or reactivation of an indolent disease?
. How to manage immunosuppressive medications at the time of COVID-19 vaccination?

1
2
3. What is the safety profile of the COVID-19 vaccines in patients with ARD?
4
5

The PICO question
P: Patients with autoimmune rheumatic diseases
I: Receiving at least two doses of any of the UK-licensed COVID-19 vaccines
C: The population in the control group
0: Outcomes measures including:
Primary outcome:

Immunological response to COVID-19 vaccine defined by anti-SARS-COV-2 Antibody titer and/or cellular response measured by SARS-CoV-2 specific interferon

release essay
Secondary outcomes:

Severity of breakthrough COVID-19 infection post vaccination defined according to the National Institute of Health 2021 criteria [27] (Supplementary Table 1)

Biological agents’ effects on COVID-19 vaccine immunological response
DMARDs’ effect on COVID-19 disease vaccine immunological response
Incidence of vaccine-related adverse events

Exacerbation of ARD activity

Precipitation of new-onset ARD

effector functions. It was also shown to be associated with innate
immunity stimulation by facilitating monocyte-mediated and
neutrophil-mediated phagocytosis [14]. Moreover, in vitro studies
demonstrated potent T-cell response in the form of tumor necrosis
factor and interferon-gamma production from CD4+ T cells upon
antigenic stimulation [18]. Fig. 2 illustrates the mechanism of action
for multiple types of vaccination platforms [19].

1.4. Definition of vaccine-related adverse events

According to the WHO guidelines, adverse events post-
vaccination are defined as any unpleasant, unfavourable, or unin-
tended medical events after vaccination that do not necessarily
have a consistent or causal relationship with the vaccine [20].
Recently, the WHO proposed a comprehensive analytical and algo-
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Table 2
Keywords used for database search for this review.
Database Keywords
PubMed (COVID-19 vaccine OR SARS-COV-2 vaccine) AND

(Efficacy OR Effectiveness OR Safety) AND
(autoimmune rheumatic diseases OR autoimmune
inflammatory rheumatic diseases OR connective
tissue diseases OR rheumatoid arthritis OR systemic
lupus erythematosus OR spondyloarthritis OR
systemic sclerosis OR Sjogren’s’ syndrome OR
inflammatory myopathy OR vasculitis)

((COVID-19 vaccine or SARS-COV-2 vaccine) and
(efficacy or effectiveness or safety) and (autoimmune
rheumatic disease or autoimmune inflammatory
rheumatic disease or connective tissue disease or
rheumatoid arthritis or systemic lupus
erythematosus or spondyloarthritis or systemic
sclerosis or Sjogren’s syndrome or inflammatory
myopathy or vasculitis)).af. not (Review or Editorial).
pt.

(’covid-19 vaccine’/exp OR ’'covid-19 vaccine’ OR
'sars-cov-2 vaccine’/exp OR 'sars-cov-2 vaccine’) AND
(Cefficacy’/exp OR efficacy OR effectiveness OR
’safety’/exp OR safety) AND ("autoimmune rheumatic
diseases’ OR "autoimmune inflammatory rheumatic
diseases’ OR 'connective tissue diseases’/exp OR
"connective tissue diseases’ OR 'Theumatoid
arthritis’/exp OR 'rheumatoid arthritis’ OR 'systemic
lupus erythematosus’/exp OR ’systemic lupus
erythematosus’ OR 'spondyloarthritis’/exp OR
'spondyloarthritis’ OR 'systemic sclerosis’/exp OR
'systemic sclerosis’ OR 'sjogren syndrome’ OR
‘inflammatory myopathy’/exp OR ’inflammatory
myopathy’ OR 'vasculitis’/exp OR 'vasculitis’)

Date of search:
11" April 2022

OVID
Date of search:
12t April 2022

EMBASE
Date of search:
13™" April 2022

rithmic four-step diagram to evaluate the causality of adverse
events and autoimmune phenomena after COVID-19 vaccines as
demonstrated in the diagram below (Fig. 3) [21].

Vaccine xxx (Xxxx) Xxx
2. Methods
2.1. Research questions

The systematic review research questions and study outcomes
are demonstrated in Table 1.

2.2. Literature search

A literature search for this review was conducted in the data-
bases of PubMed, EMBASE, and OVID with no restriction on the
year of publication as per the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines as illus-
trated in Appendix 2 [22]. Table 2 shows the keywords used for
each database search.

2.3. Eligibility criteria

Articles identified by the defined search keywords were
screened for the possibility of inclusion in this study based on
the following inclusion and exclusion criteria by two reviewers
who worked independently. Any discrepancy in the screening pro-
cess was resolved by a third reviewer.

2.3.1. Inclusion criteria

e Original research

e Patients aged >16 years

e Written in the English language
e Accessibility to the full text

2.3.2. Exclusion criteria

e Non-original research including review articles, editorial
papers, and study protocols

e Pre-clinical trials, in vitro studies, reports on animal models

[ Identification of studies via other methods ]

Reports not retrieved
(n=0)

A\

Reports excluded: 0

[ Identification of studies via datab and registers
—
Records removed before
c screening: . . X
-% Records identified from: Duplicate records removed (n Rec\?vlgssli?::‘(':e_ﬂ ;rom.
o PubMed Database (n =234) 5 =65) or anisation; n=7)
= OVID database (n = 290) - Records marked as ineligible Citgtion searchin_(n =0)
5 EMBASE database (n =223) by automation tools (n = 171) g (n =
= Records removed for other
reasons (n =104)
!
—
Records screened »| Records excluded
(n=407) (n=202)
! !
Reports sought for retrieval »| Reports not retrieved Reports sought for retrieval
2 (n =205) "l (n=3) (n=8)
=
o
: | |
G
2]
A Reports excluded: o
Reports assessed for eligibility N Not-UK licensed vaccine (n =23) Reports assessed for eligibility
(n =202) Non-original research (n = 18) (n=8) e
Not about ARD (n=16)
Not about side effect or efficacy (n
=6)
Age less than 16 years (n=2)
Duplicate (n=5)
— I Not in English language (n=1)
) Vaccine efficacy of single dose
5 Studies included in review (n=2)
3 (n=129)
5 Reports of included studies
= (n=137)
—

Fig. 4. Study flow diagram (adapted from updated 2020 PRISMA guideline [26]).
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Table 3
Summarized study results on the efficacy of mRNA and AstraZeneca COVID-19
vaccines in patients with autoimmune rheumatic diseases.

Immune Response after COVID-19 Vaccines in Patients with ARD

Humoral e Positive seroconversion in 77-100 % in the absence of
response BCDT

Lower seroconversion with older age, interstitial lung

disease and myositis

Higher seroconversion in the presence of previous

COVID-19 infection

Rate of seroconversion was not affected by the type

of ARD

Cellular response e Vaccine-induced cellular immunity in 69 % to 82 %

Cellular response correlated with the humoral

response except with BCDT use

Effect of Imnmunomodulatory Agents on COVID-19 Efficacy in Patients with
ARD

Methotrexate e No effect or reduced humoral and cellular responses

The immunological response might improve by hold-

ing one dose after vaccine administration

Probably negative effect on the rate and level of

humoral response

The humoral response could improve by a temporary

hold of mycophenolate

Lower humoral response in a dose-dependent

relation

Azithromycin, leflunomide, teriflunomide, and 6-

mercaptopurine were not associated with significant

differences in vaccine immunogenicity

No effect or reduced immunogenicity to mRNA

vaccines

Probably no effect on the humoral response

Mycophenolate
mofetil

Glucocorticoids

other csDMARDs

tsDMARDs

Tumor Necrosis

Inhibitors e Might be associated with a modest reduction in cel-
lular response
Rituximab e Reduced seroconversion rate (10-49 %)

Lower seroconversion with rituximab included: older

age, low IgM and/or IgG levels, lack of CD19 reconsti-

tution, a shorter interval from the last rituximab

dose, concomitant use of immunosuppressants, and

rituximab dose

Higher seroconversion with prior COVID-19 infection

and using a booster dose of vaccine

Positive cellular response in 53-71 %

The severity of breakthrough COVID-19 in vaccinated patients with ARD

More severe disease with the use of BCDT or mycophenolate and in the
presence of comorbid lung disease

ARD: Autoimmune Rheumatic Disease; BCDT: B-Cell Depleting Therapy;
DMARDs: Disease-Modifying Antirheumatic Drugs; csDMARDs:
conventional synthetic DMARD; tsDMARDs: targeted synthetic DMARD

e Phase-1 and phase-2 clinical trials.
e Preprints

In addition, a selected number of international guidelines from
relevant societies was assessed for relevance and their recommen-
dations were summarized.

2.4. Study flow chart

The study flow chart is demonstrated in Fig. 4.

2.5. Data extraction and publication quality assessment

Data collection included study details about the authors, year of
publication, region and time of data collection, type of population,
sample size, study design, main topic, and key findings as sum-
marised in supplementary Table 2. In addition, case reports and
series which were identified by the search criteria were sum-
marised in supplementary Table 3. The quality of included studies
was assessed by two authors independently, and in case of dis-
agreement by a third author, using the Quality in Prognostic Stud-
ies (QUIPS) tool developed by Hayden et al. (supplementary

Vaccine xxx (Xxxx) xxx

Table 4) [23]. This tool evaluates six areas that are considered
important to judge the risk of bias in prognostic studies whenever
possible which include population, study attrition, measurement
of prognostic factors, confounding risk, outcome measures, and
analysis.

2.6. Ethical consideration

This review article was approved by the Institutional Review
Board (IRB) at the Faculty of Life Science and Education, University
of South Wales, UK.

3. Results
3.1. Efficacy of COVID-19 vaccines in patients with ARD

3.1.1. Immune response to COVID-19 vaccines in patients with ARD

The efficacy profile of COVID-19 vaccines in patients with ARD
is summarized in Table 3. We identified 35 observational studies
on the COVID-19 vaccine humoral response including 12 studies
that also assessed the cellular response (supplementary Table 2).
Most of the studies were conducted in Western countries and
included patients with various forms of ARD (RA, SLE, systemic
sclerosis, spondylarthritis, psoriatic arthritis, cryoglobulinemia,
polymyalgia rheumatica, different types of vasculitis, and juvenile
inflammatory arthritis). One study focused on older patients with
ARD [24], and another one was conducted mainly on adolescents
and young adults [25]. The number of patients included in individ-
ual studies varied from 12 to 686 participants with ARD. The most
commonly used vaccines in the described studies were mRNA vac-
cines followed by the Adenoviral-vector vaccine AstraZeneca.
Around half of the studies (18) had a moderate risk of bias accord-
ing to the QUIPS tool, while 11 and 6 studies had low and high risks
of bias respectively (supplementary Table 4).

Humoral response after two doses of COVID-19 vaccines was
measured using antibody (Ab) level directed toward SARS-CoV-2
spike S1 protein (Anti-S) which is also known as the receptor-
binding domain of the SARS-CoV-2 spike protein (Anti-RBD Abs),
and/or neutralizing antibodies (NAbs) that block the interaction
between RBD and ACE2 [26]. However, anti-nucleocapsid Abs were
measured in some studies to differentiate prior COVID-19 infection
[27]. As illustrated in the supplementary Table 2, reported rates of
seroconversion in patients with ARD were in the range of 77-100 %
in the absence of B-cell depleting therapy (BCDT) use, although the
humoral response in patients with ARD was delayed with a
reduced antibody titer [28]. Also, this rate was affected by the type
of immunomodulatory medication used as explained in the subse-
quent section. Moreover, the rate of seroconversion was lower in
older age [29-32] and with certain comorbidities (interstitial lung
disease [33] and myositis [34]), and higher in the presence of pre-
vious COVID-19 infection [25,35,36]. However, it was not affected
by the type of underlying type of ARD [25,29,37].

SARS-CoV-2 specific cellular response was measured by
interferon-y (IFNvy) production assay, or immune cell phenotyping
using high-parameter spectral flow cytometry. Most studies
showed significant increases in vaccine-induced cellular immunity
(range 69 % to 82 %), but this level was affected by the type of
immunomodulatory medication used as explained later. Notably,
the level of SARS-CoV-2 specific cellular response correlated with
the humoral response [38], except for patients using BCDT.

3.1.2. Effect of immunomodulatory agents on COVID-19 efficacy in
patients with ARD

We identified 36 observational studies that investigated the
relationship between immunological response to COVID-19 vacci-
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nes and the type of immunomodulatory drugs used including con-
ventional synthetic DMARDs (csDMARDs), targeted synthetic
DMARDs (tsDMARDs), and biological therapy. The number of
included patients in each study ranged from 12 to 686. Around half
of the studies (18) had a moderate risk for bias according to the
QUIPS tool, while 11 and 7 studies had a low and high risk of bias
respectively (supplementary Table 4).

3.1.2.1. Effect of methotrexate on the immunological response to
COVID-19 vaccines. Several studies showed reduced humoral and
cellular responses to COVID-19 vaccines with methotrexate use
(supplementary Table 2). Nevertheless, Cristaudo et al. found no
difference in antibody response between patients and controls if
the methotrexate dose was held one week after the vaccine dose
[35]. On the other hand, at least three observational studies did
not find significant differences in COVID-19 vaccine immunogenic-
ity with the use of methotrexate even without drug modification at
the time of peri-vaccination [25,29,39].

3.1.2.2. Effect of mycophenolate mofetil on the immunological
response to COVID-19 vaccines. Mycophenolate mofetil was also
found to have a negative impact on the serological response to
COVID-19 vaccines in 8 studies (supplementary Table 2), while
one study did not show a significant association between the two
variables [35]. Of note, Connolly et al. conducted a prospective
cohort study on the effect of temporary holding of mycophenolate
mofetil one week after vaccination in 24 patients with ARD com-
pared to 171 patients who continued mycophenolate. The authors
found statistically and clinically significant differences between
both groups in the rate and the level of humoral responses in
favour of the group who held mycophenolate mofetil. However,
two patients in the latter group had a disease flare that required
oral and topical glucocorticoids respectively [39].

3.1.2.3. Effect of glucocorticoids on the immunological response to
COVID-19 vaccines. Many studies also found that glucocorticoid
use was associated with a lower serological response to COVID-
19 vaccines (supplementary Table 2), and one study showed a mar-
ginal and statistically nonsignificant negative effect of glucocorti-
coid use on the cellular response [32]. According to Cook et al.
findings, blunted humoral response with glucocorticoid use was
dose-dependent (particularly with doses above 10 mg per day)
[36]. Nevertheless, Ruddy et al. study showed that although
patients receiving steroid-containing regimens had lower serocon-
version rates, all patients who were using glucocorticoid
monotherapy had positive seroconversion [33].

3.1.2.4. Effect of other csDMARD on the immunological response to
COVID-19 vaccines. Santos et al. found lower SARS-CoV-2 Ab titer
in response to the COVID-19 vaccine with azathioprine use but
not leflunomide [40]. In contrast, Deepak et al. (2021) did not show
significant differences in vaccine immunogenicity with the use of
azathioprine, leflunomide, teriflunomide, or 6-mercaptopurine
[35]. Another interesting study by Simader et al. in a group of
patients with ARD who were not receiving BCDT found that using
DMARD monotherapy did not affect the rate or titer of seroconver-
sion, whereas using DMARDs combination therapy was negatively
associated with both the titer and rate of seroconversion after two
doses of the vaccine [41]. Regarding COVID-19-specific cellular
immunity, only tacrolimus was associated with impaired T-cell
response [31].

3.1.2.5. Effect of tsDMARD on the immunological response to COVID-
19 vaccines. Only a few studies addressed the effect of tsDMARDs
(JAK inhibitors) on the immunogenicity of COVID-19 vaccines. [an-
covici et al. investigated the immunogenicity of COVID-19 vaccines
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in 12 patients with RA treated with JAK inhibitors compared to a
control group of 26 healthy individuals, and found that JAK inhibi-
tors use in RA was associated with suppressed humoral response to
mRNA vaccine both quantitatively and qualitatively [42]. However,
Deepak et al. did not find a significant association between JAK
inhibitor use and the immunogenicity of the mRNA vaccine [35].

3.1.2.6. Effect of TNFi on the immunological response to COVID-19
vaccines. Most of the reviewed studies did not show detrimental
effects of TNF inhibitors on COVID-19 vaccine humoral immuno-
genicity (supplementary Table 2). However, lancovici et al. found
reduced antibody titer levels in patients with JIA receiving TNF
inhibitors compared to the control group although their plasma-
neutralizing activity was preserved [42]. On the other hand, Dimo-
poulou et al. prospective cohort study on 21 patients with JIA
receiving TNF showed a 100 % seroconversion rate with no differ-
ence in the humoral response according to the type of TNF inhibi-
tor used [25].

Regarding cellular response, one study by Picchianti-Diamanti
et al. found a modest but statistically significant decrease in the
level of IFN-vy levels in RA patients receiving TNF inhibitors [27].

3.1.2.7. Effect of rituximab on the immunological response to COVID-
19 vaccines. Rituximab use negatively affected the humoral
immunological response to COVID-19 vaccines in all twenty-one
studies that investigated this relationship with reported serocon-
version rates of 10-49 %. Factors associated with lower seroconver-
sion with rituximab use in patients with ARD were older age, low
IgM level, low IgG, lack of CD19 reconstitution at the time of vac-
cination, shorter interval from last rituximab dose, concomitant
use of immunosuppressants, and the dose of rituximab given. On
the other hand, having a previous COVID-19 infection or receiving
a booster vaccine was associated with a higher seroconversion rate
in this subset of patients (supplementary Table 2).

Kant et al. examined the effect of booster doses of mRNA vac-
cine in 15 patients with ANCA-associated vasculitis who were trea-
ted with rituximab. All patients had completed their vaccination
schedule without any detectable anti-SARS-CoV-2 spike S1 IgG
antibody, and they were all B-cell depleted at the time of comple-
tion of the first vaccination series. The third dose of the COVID-19
vaccine yielded a serological response in 46.7 % of the patients (7
out of 15). Most of the patients who were seroconverted had B cell
reconstitution at the time of the third dose (5 out of 7). Interest-
ingly, the two patients who had positive seroconversion after the
third dose despite being B-cell depleted were vaccinated by differ-
ent types of COVID-19 vaccines between the first series
(adenoviral-vector vaccine Johnson & Johnson) and the subsequent
booster doses (Moderna or Pfizer) [43].

Regarding T-cell immunity, many studies showed preserved
COVID-19-specific cellular immunity in the setting of rituximab
use independent of the humoral immune response ranging
between 53 and 71 % (supplementary Table 2). Notably, Krasselt
et al. found that patients who did not seroconvert after two doses
of the vaccine and were B-cell depleted due to rituximab use had
increased T-cell response with a statistically significant p-value
(P=0.0398) [37]. In addition, Jyssum et al. found that the third
dose of the COVID-19 vaccine was associated with a positive cellu-
lar response in all patients [44].

3.1.2.8. Effect of other biological agents on the immunological response
to COVID-19 vaccines. Few studies showed decreased immunologi-
cal response to COVID-19 vaccines in patients with ARD receiving
biological agents other than TNF inhibitors and rituximab. Abata-
cept was found to be associated with a lower humoral response
to COVID-19 vaccines in six studies and a lower cellular response
in two studies (supplementary Table 2). Similarly, Picchianti-
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Table 4

Vaccine xxx (Xxxx) xXx

Summarized study results on the Safety of mRNA and AstraZeneca COVID-19 vaccines in patients with autoimmune rheumatic diseases.

Adverse events of COVID-19 vaccines in patients with ARD

e  Most common adverse events: injection site reaction, fatigue, headache, fever, myalgia and arthralgia

e  Overall adverse events rate was 37 %, of which 0.4 %

were serious events that eventually resolved
e  More common in females, older age, and with higher disease activity
e Not related to the type of ARD or immunomodulatory drug used

e  Could be more common with mRNA vaccines or no difference between the two platforms

Exacerbation of disease activity in patients with ARD after receiving COVID-19 vaccines

e No risk of post-vaccination disease flare to increased risk between 2.1-15.9 %

No difference between types of vaccination platforms
Predictors for post-vaccination disease flare:

Previous COVID-19 infection

Use of combination DMARDs

Disease flare in the past 6 months

o  Discontinuation of treatment

O O O e o

Precipitation of new-onset ARDs after receiving COVID-19 vaccines in patients with no prior diagnosis of ARD

e More frequent with use of SARS-CoV-2 mRNA vaccines

e Most patients were 50-year-old or older

o Disease onset ranged from 1-day to 4-week post-vaccination.
e Most commonly reported new onset ARD:

o Polymyalgia rheumatica

o  Undifferentiated oligoarthritis

o  Nonspecific polyarthritis

o Leukocytoclastic vasculitis

ARD: Autoimmune Rheumatic Disease; DMARDSs: Disease Modifying Antirheumatic Drugs

Diamanti et al. study showed that most patients with RA who were
receiving IL-6 inhibitors had humoral and cellular responses to the
vaccine although the level of SARS-CoV-2 specific Ab titer and IFN-
v were reduced in this subset of patients [27]. In regards to the IL-1
inhibitors, Valor-Méndez et al. showed that humoral response to
mRNA-vaccine occurred in 9 out of 10 patients with ARD who
received IL-1 inhibitors with higher titers than the control group,
and with similar neutralizing activity [45].

3.1.3. Severity of breakthrough COVID-19 in vaccinated patients with
ARD

According to the results from the European League Against
Rheumatism (EULAR) Coronavirus Vaccine (COVAX) physician-
reported registry, 0.7 % of fully vaccinated patients had break-
through COVID-19 infections [46]. Liew et al. described COVID-19
breakthrough infections in 87 fully vaccinated patients with rheu-
matic diseases who were reported to the Global Rheumatology
Alliance registry. The mean time for infection onset after the sec-
ond dose was 112 (+60) days, and among the 22 hospitalized
patients with COVID-19 disease, more than half were receiving
BCDT or mycophenolate, and 8 had comorbid lung disease. Five
out of the fully vaccinated patients died of whom three were using
BCDT and two patients had concomitant lung disease [47].

3.2. Safety of COVID-19 vaccines in patients with ARD

We reviewed 36 observational studies from more than 30 coun-
tries on COVID-19 vaccines associated adverse events and ARD dis-
ease flare with reassuring safety profiles for both mRNA- and the
adenoviral vector AstraZeneca SARS-CoV-2 vaccines (supplemen-
tary Table 2). Most of the reviewed studies had moderate risks of
bias according to the QUIPS tool (20 studies), while 10 and 6 stud-
ies had high and low risks respectively (supplementary Table 4).
Precipitation of a new onset ARD was mostly reported through case
reports and case series as demonstrated in the supplementary
Table 3. The safety profile and possible adverse events of COVID-
19 vaccines are summarized in Table 4.

3.2.1. Adverse events of COVID-19 vaccines in patients with ARD

Adverse events of COVID-19 vaccines were reported in nearly
all the studies and were mostly self-limiting. The most frequently
reported local adverse events were injection-site reactions, while
systemic effects included fever, fatigue, headache, myalgia, and
arthralgia. Among the 36 studies, only two papers reported serious
COVID-19-associated adverse events [46,48]. The previously men-
tioned COVAX registry analysis reported an overall adverse events
rate of 37 %, of which 0.4 % were categorized as serious events that
eventually resolved/recovered [46].

COVID-19 vaccine-associated adverse events occurred more fre-
quently in females, in older age, and in patients with higher disease
activity (supplementary Table 2). The types of ARD and
immunomodulatory medication used were not related to the inci-
dence of COVID-19 vaccine side effects [49]. Two studies showed
that the use of mRNA vaccines was associated with higher rates
of side effects compared to other vaccine platforms [49,50], includ-
ing a higher rate of thromboembolic events although this differ-
ence was not statistically significant [49]. While Lee et al. (2022)
showed comparable adverse events between both types [51].

3.2.2. Exacerbation of disease activity in patients with ARD after
receiving COVID-19 vaccine

Several studies did not show higher risks of disease flare in the
few months post-vaccination. Pinte et al. conducted a prospective
cohort study on a total number of 623 patients with ARD (416 vac-
cinated patients) which showed no difference in the incidence of
disease flare among vaccinated and unvaccinated individuals with
ARD with a mean follow-up period of 5.9 months [52]. On the other
hand, some studies reported an incidence rate of ARD flare in the
range of 2.1-15.9 % post vaccination albeit most of the flares were
short-lasting. Predictors of disease flare included previous COVID-
19 infection, using combination immunomodulatory drugs, having
a flare in the past 6 months [53], and discontinuation of treatment
[54] (supplementary Table 2).

3.2.3. Precipitation of new-onset ARDs after receiving COVID-19
vaccines in patients with no prior diagnosis of ARD

The temporal association of new-onset ARD with the adminis-
tration of COVID-19 vaccines was described in a total of 127
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patients as case reports and case series (supplementary Table 3).
They were reported more frequently with the use of SARS-CoV-2
mRNA vaccines in patients aged 50 years or more and occurred
1-day to 4-week post-vaccination.

The most commonly reported incident of ARD following vacci-
nation was PMR (32 cases), followed by undifferentiated
oligoarthritis (21 cases), nonspecific polyarthritis (19 cases), leuko-
cytoclastic vasculitis (8 cases), and others (ANCA-associated vas-
culitis, inflammatory myositis, SLE, RA, GCA, systemic sclerosis,
multisystemic inflammatory syndrome, adult-onset Still’s disease,
Sjogren’s syndrome, sweet syndrome, and various types of vasculi-
tis (supplementary Table 3).

4. Current international societies’ recommendations on COVID-
19 vaccines in patients with ARD

We reviewed seven international societies’ recommendations
on COVID-19 vaccination in patients with ARD (supplementary
Table 5) plus the Centers for Disease Control and Prevention
(CDC) website for the general use of COVID-19 vaccine in immuno-
compromised patients [55]. All societies recommended prophylac-
tic vaccination against the SARS-CoV-2 virus for patients with ARD
irrespective of their disease activity or treatment regimen.

The American College of Rheumatologists (ACR) recommended
either type of mRNA vaccine over other vaccine platforms, but
other authorities did not prefer one vaccine platform over the
other. Notably, the Brazilian Society of Rheumatology recom-
mended using different vaccine platforms for third doses from
the initial series, whereas the ACR advised using a booster dose
of mRNA vaccines in all patients irrespective of their initial vacci-
nation platform.

Regarding rituximab use, all the reviewed treatment guidelines
recommended the administration of COVID-19 vaccine toward the
end of the rituximab infusion period around 2-4 weeks before the
next dose, or before the commencement of rituximab therapy if
possible and in the absence of organ- or life-threatening conditions.
The ACR stated that rituximab dosing and timing should either be
given according to the CD-19 value or a booster dose to be given
2-4 weeks before the next dose, whereas the British Society for
Rheumatology recommended against delaying COVID-19 vaccine
in patients who are B-cell depleted (supplementary Table 5).

Regarding other immunosuppressive medications, only the ACR
gave a clear recommendation that except for TNF inhibitors and
other anti-cytokines; all other csDMARDs, tsDMARDs, subcuta-
neous abatacept, subcutaneous belimumab, and intravenous
cyclophosphamide are to be temporarily held 1-2 weeks post-
vaccination if disease activity is stable. On the other hand, other
authorities did not recommend routine interruption of immuno-
suppressive treatment regimens but suggested that treatment
modifications should be based on shared decision plans between
patients and attending rheumatologists/healthcare providers (sup-
plementary Table 5).

5. Discussion

Our study results indicate that with the exception of patients
receiving rituximab or other BCDT, most patients with ARD were
able to develop adequate levels of vaccine immunogenicity
although at a slower rate than healthy controls. Variables associ-
ated with lower humoral response included older age, comorbid
interstitial lung disease, and certain immunomodulatory medica-
tions such as methotrexate, mycophenolate mofetil, and glucocor-
ticoids (doses above 10 mg daily), abatacept as well as BCDT.
However, virus-specific cellular response was less affected by these
medications. In terms of the few breakthrough COVID-19 infec-
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tions in fully vaccinated individuals with ARD, worse outcomes
occurred more frequently in patients receiving rituximab/BCDT
and those with comorbid interstitial lung disease. Reassuringly,
both local and systematic adverse events of COVID-19 vaccines in
patients with ARD were self-limited, and most studies did not
report a higher incidence of disease flare post-vaccination.

The high level of COVID-19 vaccine immunogenicity in patients
with ARD is consistent with other studies as well [56,57]. A recent
systematic review and meta-analysis by Tang et al. showed that
patients with ARD achieved seroconversion in 79 % (95 %Cl: 67-89
%), and cellular response in 69 % (95 %Cl: 55-81 %) after the second
dose of mRNA-vaccine [56]. Also, in the subset of patients treated
with rituximab who had an absent humoral response, almost half
of the patients developed seroconversion after a third dose [43],
and in one study, all patients had detectable virus-specific cellular
responses irrespective of humoral response [44]. These promising
results should encourage rheumatologists to recommend COVID-
19 vaccines to patients with ARD and consider a third dose for those
who are receiving strong immunosuppressive medications.

According to this review, several immunomodulatory medica-
tions other than BCDT were also found to have detrimental effects
on COVID-19 vaccine immunogenicity including methotrexate,
mycophenolate mofetil, glucocorticoids, and abatacept. However,
the evidence was not consistent in all studies. For example, multi-
ple high-quality studies showed that methotrexate impairs
humoral and/or cellular response to the COVID-19 vaccine, while
other few studies with a moderate or high risk of bias were not
able to confirm this association (supplementary Table 2). In
regards to TNF inhibitors and other anti-cytokines such as IL6 inhi-
bitors and IL17 inhibitors, this review did not show a significant
impact of these biological agents on the seroconversion rate
post-COVID-19 vaccination which is in line with previous studies
that demonstrated considerable immunogenicity post influenza
and pneumococcal vaccines in patients receiving TNF inhibitors
[58], IL6 inhibitor [59] and IL17 inhibitor [60].

Breakthrough symptomatic infection was reported at a very low
rate (<1 %) in several large registries in fully vaccinated patients
with ARD [61]. Identified risk factors included treatment with cer-
tain modalities such as BCDT and mycophenolate, older age as well
as the presence of comorbid lung disease. As discussed earlier,
these risk factors were also found to be associated with lower vac-
cine immunogenicity. Additionally, older age (more than 65 years)
and multiple comorbidities were associated with higher rates of
breakthrough infections in the general population [62]. Reassur-
ingly, breakthrough infections in vaccinated individuals were less
severe with a shorter duration of symptoms compared to unvacci-
nated individuals [63]. These findings support COVID-19 vaccines’
effectiveness in the general population and in patients with ARD as
no vaccine can prevent infection in all its recipients.

Regarding the risk of post-vaccination disease flare, the
reviewed literature showed that the incidence of disease flare
post-vaccination was very minimal, and it was similar between
groups of patients who were vaccinated and unvaccinated. Simi-
larly, the previously mentioned meta-analysis by Tang et al. found
that although post-vaccination arthralgia was more common in
patients with ARD, objective disease activity scores such as Dis-
ease Activity Score-28 (DAS-28), and Systemic Lupus Disease
Activity Index (SLEDAI) among others did not differ before and
after receiving the vaccine. Given the low rate of disease flares
among vaccinated patients with ARD, Machado et al. suggested
that these observed exacerbations could be explained by the nat-
ural disease course rather than by being provoked by COVID-19
vaccination [46].

New-onset ARD post-COVID-19 vaccination has been described
more frequently in patients above the age of 50 years and with the
use of mRNA vaccines. The novel adjuvanticity of the new COVID-
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19 vaccines might contribute to the development of a range of
inflammatory and autoimmune conditions by triggering autoim-
munity [64,65]. However, vaccines likely work as contributory fac-
tors in individuals with predisposing genetic and/or environmental
backgrounds to develop the characteristic complex and multifacto-
rial ARDs [91,67]. It is also worth noting that incident ARDs have
been increasingly recognized following COVID-19 infection itself
[66-71]. Nevertheless, it’s difficult to directly compare the inci-
dence of new-onset ARD post-vaccination versus new-onset ARD
post-COVID-19 infection.

Vaccine hesitancy is a major obstacle to vaccine utilization in
the general population and in patients with ARD. We provided in
this study real-world data on the safety and efficacy of COVID-19
vaccines in patients with ARDs. We also highlighted the small
potential risk for post-vaccination disease flare or adverse events,
and discussed the timing of vaccine administration in relation to
disease activity and medication use in order to optimize COVID-
19 vaccine uptake. This information could be used to tailor individ-
ualized approaches for COVID-19 vaccination in this unique popu-
lation of patients.

However, this review has several limitations. First, most of the
published papers were on patients receiving mRNA vaccines, and
few studies included patients receiving the adenoviral-vector vac-
cine AstraZeneca. Second, we used the immunological response as
the primary outcome of this study as a surrogate marker for vac-
cine efficacy; however, to date, the level of humoral or cellular
response to SARS-CoV-2 virus that conveys protection from symp-
tomatic disease, hospitalisation, or death is not yet well-defined.
Third, this review is subjected to the limitations inherent in obser-
vational studies including selection bias, response bias, observer
bias, and the difficulty in controlling confounding factors which
make it difficult to draw causal conclusions. Finally, neither
patients’ nor physicians’ perspective on COVID-19 vaccination
was explored which might affect vaccine acceptance and utiliza-
tion, outlining these areas for future research.

6. Conclusion

Both types of mRNA vaccines and the adenoviral vector AstraZe-
neca COVID-19 vaccines are safe and effective in patients with
ARDs. Booster doses should be routinely recommended for older
patients with ARDs, those receiving potent immunosuppressant
medications, and patients with comorbid interstitial lung disease.
Due to the waning immunity after vaccination and the suboptimal
response in some patients with ARDs, further preventive measures
such as social distancing and other public health guidelines should
be followed. Modifications of immunomodulatory medications
must be individualized through a shared decision process taking
into consideration patients’ clinical characteristics, types of medi-
cations used, and baseline disease activity in line with interna-
tional professional guidelines. Our findings should assure
patients with ARDs that adverse events are rare and self-limiting,
and rheumatologists that potential disease flares are adequately
manageable with conventional therapies.
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