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in autoimmune/autoinflammatory rheumatic
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Abstract
The COVID-19 pandemic has occupied the world agenda since December 2019. With no effective treatment yet, vaccination
seems to be the most effective method of prevention. Recently developed vaccines have been approved for emergency use only
and are currently applied to large populations. Considering both the underlying pathogenic mechanisms of autoimmune/
autoinflammatory rheumatological diseases (AIIRDs) and the immunosuppressive drugs used in treatment, vaccination for
COVID-19 deserves special attention in such patients. In this article, we aimed to give simple messages to the clinicians for
COVID-19 vaccination in patients with AIIRDs based upon the current evidence regarding the use of other vaccines in this
patient group. For this purpose, we conducted a “Pubmed search” using the following keywords: Influenza, Hepatitis B,
Pneumococcal, and Shingles vaccines and the frequently used conventional and biologic disease-modifying antirheumatic drugs
(DMARDs). Likewise, an additional search was performed for the COVID-19 immunization in patients with AIIRDs and
considering such drugs. In summary, patients with AIIRDs should also be vaccinated against COVID-19, preferably when
disease activity is under control and when there is no concurrent infection. Low-degree immunosuppression does not appear
to decrease antibody responses to vaccines. Ideally, vaccinations should be done before the initiation of any biological DMARDs.
Patients receiving rituximab should be vaccinated at least 4 weeks before or 6 months after treatment. Since tofacitinib may also
reduce antibody responses, especially in combination with methotrexate, it may be appropriate to discontinue this drug before
vaccination and to restart after 14 days of immunization.
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Introduction

SARS-CoV-2 and COVID-19 outbreak

COVID-19, the acute illness caused by the severe acute respi-
ratory syndrome coronavirus-2 (SARS-CoV-2), was first re-
ported in Wuhan, Hubei, China, in December 2019 and de-
clared as a global pandemic on 11 March 2020 [1].

Highly contagious SARS-CoV-2 is believed to spread
mainly through respiratory droplets and close contact [2].
The beta coronavirus SARS-CoV-2 has an envelope and a
single positive-stranded RNA and is notable for having the
largest genome structure among RNA viruses. These charac-
teristics allow the SARS-CoV to replicate using its viral ge-
nome as a template, without being integrated into the host
genome [3]. In the replication stage, structural and nonstruc-
tural proteins are encoded. The novel coronavirus has four
main structural proteins including the spike (S), membrane,
envelope, and nucleocapsid proteins. The S protein, which
gives the typical shape of the virus, contains a special binding
site that allows the virus to attach to the host cell. In the host
cell, the target of the virus is the angiotensin-converting en-
zyme-2 (ACE-2) receptor located in many organs and systems
including the heart, lungs, kidneys, and gastrointestinal tract
[4, 5]. Severe clinical course and death are seen especially in
patients with high-risk factors such as older age; tobacco use;
and comorbidities including hypertension, diabetes mellitus,
cardiac disease, chronic lung disease, cerebrovascular disease,
chronic kidney disease, immunosuppression, and cancer [6, 7].

Attempts for vaccination against COVID-19

Since a suitable treatment for COVID-19 has not been devel-
oped yet, and expecting the only occurrence of herd immunity
in the population is not an ideal solution, developing suitable
vaccines is of paramount importance. As of December 2020,
there were 60 vaccines used in clinical trials and 172 vaccines
in progress, which were registered by the World Health
Organization (WHO) [8]. Some vaccines have already been
approved by the Food and Drug Administration (FDA) for
urgent application, and vaccination of the general population
has started in many countries [9, 10].

Concerns for vaccination in patients with
autoimmune/autoinflammatory rheumatic diseases

Considering that at least 1% of the population has an autoim-
mune rheumatic disease [11], and just as many might have an
autoinflammatory disease, the issues of both safety and effi-
cacy of vaccination in patients with autoimmune/
autoinflammatory rheumatic diseases (AIIRDs) are
questioned. Considering both the pathogenetic mechanisms
of these diseases and the immunosuppressive drugs used for
these patients, some precautions may need to be taken before
vaccination. Since some vaccine technologies will be applied
for the first time and the doctors do not have sufficient expe-
rience and observation with these vaccines, there is an immi-
nent rise of several questions about the vaccination of patients
with AIIRDs. Although the initial phase of COVID-19 vac-
cine studies was promising, it should be noted that patients
with AIIRDs and/or those taking immunosuppressive drugs
were excluded from these studies [12–14]. Recently, the
Centers for Disease Control (CDC) reported that patients with
an underlying autoimmune disease might be vaccinated with
the mRNA vaccines but also recommended close follow-up
for these subgroups of patients after vaccination [15].

In this non-systematic review, we aimed to summarize the
use of vaccines in patients with AIIRDs, with regard to effi-
cacy and safety issues, and possible interactions with the
antirheumatic/immunosuppressive drugs used. We aimed to
cover the key vaccines as proposed by ACR/EULAR, includ-
ing seasonal influenza, pneumococcal, shingles, HBV vac-
cines, and also the new COVID-19 vaccines, with regard to
their optimal use for the best efficacy and preventive measures
for lowering possible side effects.

Methods

The four key vaccines (influenza, hepatitis B, pneumococcal,
and shingles vaccines), and frequently used biologic and
nonbiologic disease-modifying antirheumatic drugs
(DMARDs) and corticosteroids, were used as keywords.
PubMed was searched from 20 December 2020 to 12
January 2021; articles of the last 20 years have been included

Key points
• COVID-19 vaccinations should preferably be made during remission in patients with autoimmune/autoinflammatory rheumatological diseases.
• Low-degree immunosuppression may not interfere with antibody response to vaccines.
• Ideally, vaccinations should be made before the initiation of any biological DMARDs.
• Timing of vaccination is especially important in the case of rituximab.
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in the study. Likewise, an additional search was performed for
the COVID-19 immunization in patients on biologic and
nonbiologic DMARDs. Original data in all studies (including
case reports and case series) published in the English language
in peer-reviewed journals were included in the review.

The PubMed search, after eliminating duplicates reached
by different keywords, revealed a total of 1608 articles. After
reading the title and/or abstracts, 166 articles were selected on
DMARDs and vaccines. The articles with similar topics and
poor designation were eliminated; and finally, a total of 88
articles were used: 23 out of 88 which were shared references.
Also, recently published ACR recommendations are included
as a reference. In addition to these 66 references, 34 key ref-
erences for vaccines, COVID-19, and rheumatic diseases were
used. The manuscript selection method is outlined as a flow
diagram in Fig. 1.

The results of our search were outlined as follows: we
initially reviewed the general features of vaccines and their
side effects and then concentrated on new vaccines developed
against COVID-19. Then we tried to discuss whether vaccines
may trigger autoimmunity in predisposed individuals and may

exacerbate autoimmunity in patients with pre-existing autoim-
mune diseases. Finally, we tried to discuss the available data
for the effect of the vaccines in patients with AIIRDs receiving
CS and various nonbiologic and/or biologic DMARDs.

General information about vaccines

Vaccines prevent infections by inducing or enhancing protec-
tive immunity. The capacity of vaccines to induce humoral
and cellular immunity is defined as “immunogenicity.”
Efficacy is the vaccine’s capacity to prevent infection. For
some diseases, immunogenicity correlates with efficacy but
not for others. Safety is defined as not having serious side
effects related to vaccination or not aggravating the underly-
ing disease [16].

The vaccine against COVID-19 involved in clinical trials
has diverse compositions: from traditional whole-pathogen
vaccines to various new-generation vaccines. Traditional
whole-pathogen vaccines consist of live-attenuated vaccines
(live pathogens with reduced virulence) and inactivated
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Fig. 1 Literature search and
number of references identified at
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are very few. Also, recently
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vaccines (thermally or chemically inactivated pathogens). Live-
attenuated vaccines introduce a mild infection that resembles
the real infection, leading to a strong immune response, and the
immunological memory can last for years [17].

The inactivated vaccines are safer as live pathogens are not
involved, but they can be lower in immunogenicity and often
require multiple doses to establish immune memory. The
new-generation vaccines, including recombinant protein vac-
cines and vector-based vaccines, only incorporate a specific
antigen or antigens from the pathogen, instead of the whole
pathogen, giving a better safety profile.

Based on the carrier of the antigen, the new-generation
vaccines for COVID-19 can be classified into recombinant
protein-based vaccines and vector-based vaccines, e.g., mes-
senger RNA (mRNA), plasmid DNA, viral vector-based, and
nonpathogenic bacterial vector-based vaccines. The recombi-
nant protein vaccine uses a part of the whole protein or a
protein fragment such as the RBD or fusion of RBD with a
carrier protein as the antigen. For SARS-CoV, it was shown
that animals immunized with recombinant protein vaccine
candidates can produce neutralizing antibodies [17].

In viral vector-based vaccines, the antigen is cloned into a
viral vector that cannot reproduce. Common vectors include
lentivirus, adenovirus, and adeno-associated virus. The viral
vector imitates the viral infection disease state and therefore
can produce stronger cellular immune responses as compared
to the recombinant protein vaccines [17, 18].

However, the inactivated virus and recombinant protein
antigen are often weakly immunogenic and require an adju-
vant to boost the immunogenicity. Viral vector-based vac-
cines and bacterial vector-based vaccines do not require adju-
vants. In the COVID-19 vaccine development race, the
inactivated COVID-19 vaccine candidate from Sinovac uses
Al(OH)3 as the adjuvant [19].

The mRNA vaccine is the newest generation of vaccines in
which all components can be produced via chemical synthesis.
Since antigen expression from mRNA is a transient process, the
risk of host DNA integration is negligible. There is poor apparent
transfection effectiveness of naturally occurring mRNA mole-
cules. Therefore, lipid nanoparticles (LNPs) are often used to
incorporate the mRNA molecules for transfection purposes. A
typical LNP formulation consists of an RNA condensing lipid to
form a complex with the mRNA molecule, helper lipids to pro-
vide the structural rigidity, and lipidized polymer coating tomod-
ify the surface properties of the particles. Once phagocytosed by
a cell, themRNAvaccine temporarily induces the cell to produce
the antigen protein coded by the mRNA. Therefore, the RNA
condensing lipid is the key component of this platform.Moderna
and Pfizer Biontech’s COVID-19 vaccines are LNP-
encapsulated mRNA vaccines that encode the S protein, given
in two doses by intramuscular injections [20] The FDA has ap-
proved those vaccines for emergency use [9, 10]. These vaccines
have been widely used in the USA and the European Union.

Among the risks posed with COVID-19 vaccine develop-
ment is whether immune responses could enhance SARS-
CoV-2 acquisition or make the disease worse when infection
occurs after vaccination [20, 21]. Fortunately, no such side
effect has been reported with COVID-19 vaccines to date.
However, allergic reactions are reported more frequently than
conventional vaccines. Fortunately, edema and thrombus for-
mation, which are potential risks for mRNA vaccines, has not
been reported yet. It is too early to comment on the risk of
autoimmune disease triggering by these vaccines [22].

May vaccines and their adjuvants trigger
autoimmunity?

Not only the vaccine itself but also the adjuvants included in
vaccines may trigger autoimmunity [23]. Aluminum salts
(alum) are used as an adjuvant in 80% of commercial human
vaccines. When injected, the alum activates the NLRP3
inflammasome, followed by the release of proinflammatory
cytokines including IL-1β, IL-18, and IL-33. Alum recruits
monocytes to the site of injection; these monocytes transfer to
the draining lymph nodes and differentiate into dendritic cells
(DCs) expressing CD11c and MHC class II molecules. These
monocytic DC precursor cells are responsible for priming na-
ive CD4+ T cells. The release of IL-1β contributes to Th2
CD4+ T-cell differentiation, which mediates the differentia-
tion of B cells that secrete IgG1 and IgE [18–20].

However, it should be emphasized that although there are
some case reports or case series of vaccine-induced autoim-
mune diseases in the literature, a clear-cut and significant risk
of vaccine-induced autoimmunity has not been shown in any
clinical or epidemiological study. Recently, a new syndrome
called “autoimmune/inflammatory syndrome induced by ad-
juvants” (ASIA) was described [24]. Watad et al. reported that
39.7% of 300 ASIA cases had a prior vaccination history [25].
Considering the other adjuvants such as metal and silicone
implants, 76.7% of cases had a history of encountering an
adjuvant in the last 10 years. HBV, HPV, and influenza vac-
cines were the most frequently reported vaccines, while un-
classified connective tissue disease was the most frequently
reported autoimmune clinical picture.Wang et al. performed a
systemic review and meta-analysis of 25 observational stud-
ies, 12 on the association between vaccinations and SLE and
13 on the association between vaccinations and RA risk. The
pooled findings suggested that vaccinations significantly in-
creased both the risks of SLE and RA [26]. However, the
interpretation of these findings should be made cautiously.
Among all people with SLE or RA, we cannot say for whom
vaccine has had a causal role; we can only say that there are
some patients in whom vaccination has contributed negatively
to the development of the disease [27].
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An mRNA molecule has intrinsic immunogenicity. For
mRNA vaccines, proinflammatory responses may be induced
by the molecules themselves and delivery vehicles like LNPs.
The chemical changes in the mRNA molecules can alter their
proinflammatory behavior, but the delivery vehicles and the
mRNAs themselves can also create unnecessary proinflam-
matory responses [19, 28]. Some mRNA-based vaccine plat-
forms have the potential to cause powerful type I interferon
responses, which have been associated with both inflamma-
tion and autoimmunity. mRNAmay play a role as an adjuvant
also and trigger the immune system. Furthermore, extracellu-
lar naked mRNA may increase the permeability of tightly
packed epithelial cells and trigger thrombus formation [22].
However, since mRNA vaccines are not widely used, their
clinical significance is not yet known. Those with autoim-
mune diseases or those with high familial burden should be
closely monitored after mRNA vaccines.

On the other hand, before claiming that a vaccine induced
autoimmune disease, one should follow-up the steps offered
by WHO about interpreting adverse events of vaccines.
Firstly, the association of a purported autoimmune event with
the administration of a vaccine should be consistent. In other
words, it should be observed by different investigators, irre-
spective of the method of investigation, and the association
should be strong in an epidemiological sense. The association
should also be distinctive, and the adverse event should be
linked uniquely or specifically to the vaccine concerned; other
possibilities should be excluded. There should also be a clear
temporal relationship between the vaccine and the autoim-
mune event. However, defining an exact period for autoim-
munity to rule out adverse effects of the vaccine is difficult
[29, 24].

Do vaccines exacerbate autoimmunity
in patients with autoimmune diseases?

As long as those non-live vaccines including influenza, pneu-
mococcal, tetanus toxoid, hepatitis B virus (HBV), hepatitis A
virus (HAV), and human papillomavirus (HPV) vaccines are
administered in the quiescent phases of AIIRDs, they are gen-
erally accepted as safe and do not exacerbate pre-existing
autoimmunity. The origin of the tendency to give the vaccines
in the quiescent phase of AIIRDs is an expert opinion, and
EULAR recommendations are also consistent with this state-
ment. Although there are several case reports and series on the
onset and exacerbation of SLE after HPV vaccination [30–32]
and an up to 30% rate of flare in vaccinated patients with SLE
in an open study, other large-scale studies have not shown an
increase in the incidence of autoimmune diseases among
young females vaccinated against HPV. Besides, a case-
control study on HPV vaccination in SLE patients showed a
similar rate of flares in both vaccinated and unvaccinated

groups [33]. Therefore, it is a common trend to make vacci-
nations in patients with AIIRDs based upon an acceptable
benefit–risk ratio.

In brief, it is recommended that vaccines are not adminis-
tered during the clinical or serologically active period of the
disease [34], and similar recommendations will also apply for
COVID-19 vaccines.

Antirheumatic drugs and vaccines

Patients with AIIRDs are at a higher risk of infection frequen-
cy than healthy people. This is due to the complex multifac-
torial interactions among innate immune dysfunction, disease
activity, immunosuppression due to drugs, and the presence of
various comorbidities. Antirheumatic immunosuppressive
agents include, but not limited to, corticosteroids (CS), meth-
otrexate (MTX), leflunomide, tumor necrosis factor inhibitors
(TNFi), anti-IL-6R tocilizumab (TCZ), anti-CD20 rituximab
(RTX), anti-costimulatory molecule blocker abatacept
(ABA), IL-1 inhibitors, and small molecules including
tofacitinib (TOFA). While some of these drugs may cause
low-degree immunosuppression, depending on their doses,
others may develop higher and longer immunosuppression.
Low degree of immunosuppression usually occurs with doses
of prednisone or equivalents < 20 mg/day, MTX doses ≤ 0.4
mg/kg/week, and azathioprine doses ≤ 3.0 mg/kg/day [35].
The CDC advises that the vaccines can be used safely in such
patients [35]. Hagihara et al. reported that azathioprine com-
bination with infliximab (IFX) may reduce trivalent influenza
vaccine antibody titers [36]. Therefore, one should be more
careful with such combinations.

EULAR released an updated recommendation set for vacci-
nation for patients with AIIRDs in 2019. According to these
recommendations, while non-live vaccines (such as hepatitis A,
rabies, polio, and influenza shot) can be safely administered to
such patients regardless of the treatment being taken, care
should be taken for live-attenuated vaccines. For most patients
with AIIRDs, influenza and pneumococcal vaccines should be
recommended. On the other hand, tetanus toxoid and human
papillomavirus vaccinations should be performed in AIIRDs
patients as recommended for the general population. Hepatitis
A, hepatitis B, and herpes zoster vaccines should be adminis-
tered only to patients at risk. Immunocompetent family mem-
bers of patients with AIIRDs should be vaccinated according to
national guidelines, except for the oral poliomyelitis vaccine
[34]. As a general rule, live vaccines are not recommended
for immunosuppressed individuals.

Vaccines and corticosteroid treatment

CS alone or in combination with other immunosuppressive
agents are used for the treatment of patients with AIIRDs. In
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the case of vaccination, the doses of both CS and the other
immunosuppressive drugs should be considered. In mainte-
nance treatment, CS drugs are often used in low doses but
sometimes it may be necessary to use at high doses of 1
mg/kg/day or higher doses as pulse therapies for a short time.
We do not know whether the CS treatment will change the
immune response following COVID-19 vaccines. We can
make some comments based upon the data regarding the ef-
fect of CS doses on other currently available vaccines being
used routinely.

Fischer et al. showed that the pneumococcal vaccine was
associated with insufficient antibody response when prednis-
olone doses higher than 10 mg daily were used. PPV vaccine
was well tolerated in this group of patients and was shown that
it did not affect disease activity [37]. Similar results have been
reported in different studies [38, 39]. CDC advises that the
shingles vaccine can be used safely with low-degree immuno-
suppression and in those receiving intra-articular, bursal, or
tendon CS injections [35]. Also, CDC allows administration
of the herpes zoster vaccine at least 14 days before an expect-
ed immunosuppressive therapy [35].

Implications for COVID-19 vaccines and CS treatment

COVID-19 vaccine antibody response may be altered in pa-
tients receiving prednisone (or equivalent) doses higher than
10 mg/day. Therefore, the COVID-19 vaccine should be giv-
en during the inactive period of the disease while the patient is
on lower doses of CS.

Vaccines and treatment with nonbiological DMARDs

The nonbiological DMARDs, except for MTX, do not ap-
pear to have a significant effect on influenza vaccine effi-
cacy [38, 40] Some authors suggest that any patient using
an immunosuppressive drug other than RTX should be vac-
cinated each fall before the arrival of the influenza season
regardless of their current immunosuppressive regimen
[39]. But, if patients on biologic therapy are to be vaccinat-
ed for shingles, it is recommended to wait at least 1 month
after discontinuation of biologics. Another option is vacci-
nating 2 to 4 weeks before starting a biologic. These time
intervals are recommended broadly for all immunosuppres-
sive medications; however, since the duration of immuno-
modulatory effects varies greatly among biologics, this rec-
ommendation should be considered carefully in patients
taking biologics with longer effect duration [38].

Low-dose weekly MTX is the most widely used drug for
patients with AIIRDs, especially RA. It may be used alone or
more frequently in combination with other agents including
low-dose CS or biologics [41]. For this reason, the effect of
the other drugs on vaccines should also be considered. The
results of clinical studies evaluating the sole effect of MTX on

influenza vaccine immunogenicity are somewhat conflicting.
Although overall antibody titers were lower, most patients
vaccinated while using MTX generally achieved titers suffi-
cient to protect against influenza infection [38, 39, 42–46].
Although some studies recommend skipping MTX doses 2
weeks before and 2 weeks after the influenza vaccine in RA
patients, some experts do not accept this recommendation
because of the risk of RA exacerbation [47]. Metha et al.
claimed that skipping one or two doses of MTX after vacci-
nation would not affect both the disease activity and effective-
ness of the influenza vaccine. They stated that this could also
apply to COVID-19 [48]. Fischer et al. reported that MTX
treatment was not associated with poor response to PPV in a
small group of patients with RA. But in combination with
TNFi, they observed poor responses [37].

There is no particular warning for leflunomide (LEF), and
the rules defined for other classic DMARDs also apply to LEF
[37, 38]. However, since LEF can remain in the body in the
long term, it will not be meaningful to stop it for a short
period. Therefore, we recommend that patients taking LEF
may be vaccinated without stopping the medication.

Implications for COVID-19 vaccines and nonbiological
DMARDs

Skipping 1–2 doses of MTX after COVID-19 vaccination
seems appropriate for both the effectiveness of the vaccine
and avoiding disease exacerbation.

Vaccines and tumor necrosis factor-α inhibitor agents

Although controversial reports exist in literature about the
effect of TNFi agents on influenza vaccination response [49,
50–52], the meta-analysis performed by Subesinghe et al.
showed that TNFi therapy did not impair influenza vaccine
responses [44, 53]. They pooled the data of 263 RA patients
and 499 healthy controls from seven studies and reported that
TNFi exposure was not associated with reduced SP responses
to H1N1, H3N2, or B strain. There are also two studies
reporting on 273 subjects (141 RA and 132 HC) assessing
6B and 23F pneumococcal serotype responses with TNFi ex-
posure [54, 45]. Both of these studies showed that TNFi ex-
posure had no significant detriment to vaccine response com-
pared to healthy controls [55].

Vaccines and IL-17 inhibitors

There are a few, albeit limited, studies evaluating the effect of
vaccination and its complications in patients using
secukinumab [56–58]. The effect of inactive vaccines, includ-
ing the humoral immune response, was not found to be differ-
ent from the healthy population. Additionally, in a study con-
ducted with ixekizumab, another interleukin-17A antagonist,
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it was shown that the humoral response to inactive vaccines,
including tetanus and pneumococcal vaccines, was not differ-
ent when compared to healthy people [59]. If vaccination is to
be made, this should preferably be done before starting
secukinumab therapy. Live vaccines (such as herpes zoster,
and polio) are not recommended for use in patients using
immunosuppressives, which is also true for patients using
secukinumab [34].

Vaccines and tocilizumab

TCZ is a humanized monoclonal IL-6 receptor blocker and is
generally used for the treatment of diseases such as rheuma-
toid arthritis and large vessel vasculitis. It is also one of the
main choices of cytokine storm treatment that may develop in
the course of COVID-19 [60]. Mori et al. showed that TCZ
treatment did not prevent the development of antibodies
against the influenza vaccine in RA patients [61]. Recently,
in another study evaluating the humoral immune response of
the polysaccharide pneumococcal vaccine in RA patients re-
ceiving TCZ, no difference was observed between TCZ recip-
ients and the control groups [62, 63].

Vaccines and abatacept treatment

Vaccination during the use of abatacept does not appear to
affect the antibody response [64].

Vaccines and IL-1 inhibitors

Patients with autoinflammatory diseases potentially face life-
long immunosuppression, thus facing the dilemma of when
vaccinations could be given [65]. An increased incidence of
vaccine-preventable infections of influenza, pneumococci,
human papillomavirus, and herpes zoster (HZ) was reported
recently in adult patients with AIIRDs [66].

As a general rule, live-attenuated vaccines are not recom-
mended for both pediatric and adult patients using IL-1
blocking agents[67–69]. A recent retrospective, multicenter
survey evaluated the safety and efficacy of live-attenuated
vaccines in patients using IL-1 or IL-6 blocking agents [70]
and reported disease activation in some patients after vaccina-
tion. Discontinuation of IL-1 blockers before vaccination was
seemingly the cause, and the authors concluded that the cur-
rent data is inadequate to draw any conclusions about the
safety of these vaccines in patients using IL-1 and physicians
should balance the risk of infections versus the risk of disease
flares and adverse events for each patient.

On the other hand, several studies confirmed the safety and
efficacy of inactivated vaccines under IL-1 blocking therapy
[71–74]. Quartier et al. reported that the antipneumococcal
antibody response after 1 month was good, and the levels of
postvaccination antibodies against five pneumococcal

capsular polysaccharide serotypes were similar in patients un-
der anakinra treatment compared to the placebo group [73].
Flares were not addressed in this study.

Canakinumab is safe and effective in controlling the dis-
ease activity after vaccination in CAPS patients [72, 75].
However, a recent study showed that CAPS patients treated
with canakinumab reacted severely after pneumococcal vac-
cination [76].

The only study on the effectiveness of the hepatitis B vac-
cine in patients under immunosuppression included only a
single patient treated with anakinra, and it is not possible to
evaluate the effect of anakinra on hepatitis B vaccination [77].

In conclusion, the data on vaccination under immunosup-
pression of IL-1 blockade is scarce. Until the emergence of
further data, general recommendations and risk–benefit ratio
should be considered [78].

Implications for COVID-19 vaccines and biological agents
including TNFi, secukinumab, tocilizumab, IL-1 inhibitors,
and abatacept

Despite limited current data, drug–vaccine interactions seem
to be unlikely. Vaccination just before the next scheduled dose
and restarting biologics after at least 14 days thereafter could
allow a window for antibody development. Patients should be
followed closely for postvaccination side effects and disease
exacerbations.

Vaccines and rituximab treatment

Anti-CD20 treatments affect the production of protective an-
tibodies by vaccination via making B-cell depletion. This ef-
fect may persist for 6–10 months after RTX infusion [78–86].
Arad et al. reported that cellular immune response to influenza
vaccination was preserved in RA patients treated with RTX.
They also reported that a longer interval between RTX admin-
istration and influenza vaccination, and a higher B-cell count,
correlated with a relatively improved antibody response [83].
However, Oren et al. could not confirm this observation [82].
Similar to influenza vaccination, the effect of RTX on humor-
al responses to pneumococcal vaccination is generally worse
as expected [78, 87–89]. Bingham et al. compared and dem-
onstrated that RTX-exposed RA patients showed a reduced
response to vaccination for each of the twelve PPV23 sero-
types tested [89]. Therefore, the time of vaccination is very
critical for a patient receiving RTX. Based upon the well-
known B-cell depleting effect of RTX and the clinical obser-
vations and study results, any vaccination should be provided
at least 4 weeks before or 6 months after the administration of
RTX. If this is not achieved, vaccination should be performed
at a time when immunoglobulin levels are at a normal level
[90, 91]. Otherwise, the potential for suboptimal response to
the vaccine should be considered [34, 92–94].
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Implications for COVID-19 vaccines and RTX treatment

The earlier warnings should also apply to COVID-19 patients.

Vaccines and tofacitinib

Because of interferon inhibition, in addition to other mecha-
nisms, tofacitinib reduces antibody responses after vaccina-
tion, especially in combination with tofacitinib/methotrexate.
For this reason, pretreatment vaccination or treatment inter-
ruption before vaccination is recommended [95]. If the patient
is in remission, it may be appropriate to discontinue the drug
before vaccination and to start again after 14 days.

Discussion and conclusion

As effective treatment against COVID-19 has not been devel-
oped yet, the importance of protection from infections and
vaccination has been understood once again as COVID-19
has entered our lives. Numerous vaccination studies are con-
ducted against COVID-19. Phase 3 studies of some of these
vaccines were completed and approved for emergency use by
the FDA or the countries’ health authorities. These research
and approval processes have been completed in a much
shorter time compared tomany vaccine and drug development
processes that have been carried out so far. Approval of the
vaccine without sufficient experience in terms of its effective-
ness and possible side effects has raised questions about the
safety and efficacy of these vaccines.

Pfizer/Biontech and Moderna vaccines are mRNA-based
vaccines, and the first large population vaccination will be
made. An increase in the frequency of allergic reactions has
been reported with these vaccines. Although the median inter-
val from vaccine receipt to symptom onset was reported as
13 min (range: 2–150 min), 71% developed within the first
15 min [96]. Due to the increased frequency of allergic reac-
tions, longer follow-up of these patients should be recom-
mended during the administration of these vaccines to
AIIRDs patients.

AstraZeneca and Sinovac vaccines are also vaccines for
which phase 3 studies have been conducted and large popula-
tion application has begun [97]. The phase 3 results of the
Sinovac vaccine have not yet been published as an article.

The EULAR and rheumatology associations of many
countries have recommended vaccination of patients with
AIIRDs, but there are no sufficient warnings about possible
side effects and measures to be taken in terms of efficacy
[98, 99].

Recently, ACR also prepared guidance and recommenda-
tions for the use of COVID-19 vaccines for patients with rheu-
matic diseases. As they also point out, it is clear that all of the
current recommendations seem to be arbitrary and may change

as new real-life and clinical trial data emerge. Since cyclophos-
phamide (CYP) is a more potent immunosuppressive drug
compared toMTX and other routinely used agents, the possible
negative impact on vaccination seems unavoidable. However, a
gap of 1 week is recommended for most drugs including pulse
CYP in the recently published ACR recommendations. On the
other hand, according to CDC, 14 days are required for ade-
quate antibody response after vaccination [35]. We believe that
ACR underestimates the potential effects of drugs such as CYP
and high-dose CS that could reduce the effectiveness of the
vaccines. Despite the lack of sufficient data for CYP, we rec-
ommend more caution and believe that CYP and high doses of
CS may require longer discontinuation periods, whenever pos-
sible, to permit an effective antibody response to vaccination
[100].

In this article, we aimed to give some basic messages to the
clinicians that may be considered during the period of
COVID-19 vaccination for patients with AIIRDs. We mostly
extrapolated from the previous data regarding frequently used
vaccines and their interactions both with AIIRDs and the treat-
ment agents used for such diseases.

Our take-home messages for the clinicians include:

1. Similar to the general population, patients with AIIRDs
should also be vaccinated against COVID-19; however,
vaccinations should be preferably made when disease
activity is under control and when there is no concurrent
infection.

2. Before vaccination, the immunosuppressive drugs that
these patients were receiving should be carefully
reviewed.

3. It should be kept in mind that low-degree immunosup-
pression does not appear to decrease antibody responses
to vaccines.

4. Vaccination of patients receiving high-dose CS should
be done when the daily CS dose falls below 10 mg/day
prednisolone or its equivalent.

5. In clinically stable patients, the scheduled dose of MTX
before the vaccination and the subsequent weekly dose
may be skipped. However, there seems to be no special
and rational precaution for leflunomide.

6. Ideally, vaccination should be done before the initiation
of any biological DMARDs. It appears that biologics
including TNFi, TCZ, ABA, and IL-17 blockers have
no impact on the effectiveness of vaccines; nevertheless,
as the CDC recommends for other vaccines, a safety
margin of 14 days before and after vaccination may be
considered in clinically stable patients.

7. IL-1 blocker therapy does not appear to interfere with
vaccination. Inactivated vaccines under IL-1 blocking
therapy are safe and effective. However, these patients
should be followed for disease exacerbations and side
effects.
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8. The patients receiving RTX should be vaccinated at least
4 weeks before treatment or 6 months after treatment is
received.

9. Tofacitinib may reduce antibody responses after vacci-
nation, especially in combination with methotrexate. It
may be appropriate to discontinue this drug before vac-
cination and to restart after 14 days of immunization.

10. Patients, who are more likely to have drug allergies such
as patients with systemic lupus erythematosus, should be
monitored for a longer period of time (up to 150 min)
after vaccination.

11. Even if vaccinated, these patients must continue to com-
ply with the rules of using personal protective equip-
ment, social distancing, and hygiene.
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