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Abstract
Coronavirus disease 2019 (COVID-19) pandemic has become challenging even for the most durable healthcare systems. 
It seems that vaccination, one of the most effective public-health interventions, presents a ray of hope to end the pandemic 
by achieving herd immunity. In this review, we aimed to cover aspects of the current knowledge of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) vaccines and vaccine candidates in the light of autoimmune inflammatory diseases 
(AIIDs) and to analyze their potential in terms of safety and effectiveness in patients with AIIDs. Therefore, a focused nar-
rative review was carried out to predict the possible implications of different types of SARS-CoV-2 vaccines which confer 
distinct immune mechanisms to establish immune response and protection against COVID-19: whole virus (inactivated or 
weakened), viral vector (replicating and non-replicating), nucleic acid (RNA, DNA), and protein-based (protein subunit, 
virus-like particle). Still, there is uncertainty among patients with AIIDs and clinicians about the effectiveness and safety 
of the new vaccines. There are a variety of approaches towards building a protective immunity against SARS-CoV-2. Only 
high-quality clinical trials would clarify the underlying immunological mechanisms of the newly implemented vaccines/
adjuvants in patients living with AIIDs.

Keywords COVID-19 · SARS-CoV-2 · COVID-19 vaccines · Autoimmune diseases · Messenger RNA · Vaccination · 
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Introduction

Coronavirus disease 2019 (COVID-19) remains a global 
threat to humanity that calls for experts, policy-makers, and 
governments to confront several aspects that go well beyond 
the health and well-being consequences of this pandemic. 
While the pandemic’s immediate health implications unfold, 
we demand studies and interventions to be reorganized to 

mitigate the risk and create continuity and improved resil-
ience for potential recovery [1]. Moreover, COVID-19 has 
become challenging even for the most durable healthcare 
systems. To contain the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) spread, drastic restrictive 
measures were taken around the globe. Lockdowns, at the 
cost of economic slowdowns and restriction of human free-
doms, seem to be one of the few effective interventions [2].

Due to the pandemic, we observe tensions of the ultimate 
social determinant of health, causing a wide range of issues 
from health policy limitations to concerns in the distribution 
and access to health care. Reorienting healthcare services 
to COVID-19 management in the already over-extended 
and underfunded health systems has limited their ability to 
hold other disease burdens. Furthermore, halting routine 
procedures and interventions, follow-up, and immunization 
programs leads to outbreaks of preventable transmissible 
diseases, raised cancer incidence, and an increased number 
of complicated medical disorders in the late stages [1].

At the same time, based on mounting evidence (or 
not), treatment protocols were developed, most commonly 
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including corticosteroids, anticoagulants, antiviral drugs, 
and immunotherapeutics [3, 4]. However, the expected sec-
ond wave, characteristic of respiratory infections, surprised 
humanity again and inflicted more significant damage from 
the first. The optimism was beginning to vanish. Importantly, 
achieving herd immunity to control a pandemic through nat-
ural infection will undoubtedly lead to the deaths of millions 
[5]. In this moment of despair and lack of control over the 
infection, at the dawn of the pandemic, the pure discovery 
nature of humanity gave us a ray of hope. It seems that we 
may combat the problem through one of the most effec-
tive public-health interventions—vaccination [6]. While 
COVID-19 vaccinations offer the promise of a return to the 
usual standards of healthcare, the vaccine-based solution 
needs sufficient population coverage. It requires acceptable 
policy, operational, and logistical actions. However, at the 
current phase of the COVID-19 pandemic, it is essential to 
discriminate between those who will benefit most from the 
vaccination and those who may have reasonable concerns 
regarding vaccination. Besides, it is critical to distinguish 
the entire dissimilar group of people experiencing vaccine 
hesitancy and vaccine denial [7].

Most of the candidates in the portfolio of the COVID-19 
Vaccine Global Access Facility (COVAX) are based on next-
generation technologies that could be developed and skilled 
up more quickly than used-to-be conventional vaccines [8]. 
In line with this, patients with chronic autoimmune inflam-
matory diseases (AIIDs), specifically rheumatic diseases and 
rheumatologists, have their concerns about vaccination.

We aimed to review the current knowledge of SARS-
CoV-2 vaccines and vaccine candidates in the light of 
AIIDs and analyze their potential to be effective and safe in 
patients with AIIDs. A focused narrative review was carried 
out to predict the possible implications of different types 
of SARS-CoV-2 vaccines, which confer distinct immune 
mechanisms to establish immune response and protection 
against COVID-19.

Search strategy

A modified form of a narrative review was chosen that 
adhered to recent recommendations for writing a biomedi-
cal narrative review [9] where a search through scientific 
databases was combined with solid evidence from studies 
on vaccine effectiveness and safety in patients with autoim-
mune diseases. Initially, a thorough literature search was 
carried out in the bibliographic databases Medline (Pub-
Med) and Scopus. Both MeSH and relevant free-text terms 
were used, as follows: ("COVID-19" OR "SARS-CoV-2") 
AND ("autoimmune" OR "rheumatic") AND ("vaccine*" 
OR "mRNA"). Our search was confined to articles published 
from 1 January 2020 to 7 January 2021. Secondly, due to the 

solid experience with vaccinations against other infectious 
diseases in the rheumatic population and the scarce informa-
tion about COVID-19 vaccines, older publications were also 
included. Relevant data were also derived from preprints 
identified using the search engine Google Scholar. Infor-
mation from advisory committee meetings was identified 
based on the prior knowledge of the authors. Finally, refer-
ences of retrieved publications were further hand-searched 
for supplements.

COVID‑19 and patients with autoimmune 
inflammatory diseases

Autoimmune inflammatory diseases represent a heteroge-
neous group of over eighty inflammatory disorders with an 
aberrant immune response to self [10]. The broad spectrum 
of interactions between AIIDs and SARS-CoV-2 infection 
are unpredictable, and the mechanism underlying this rela-
tionship remains poorly understood. Like in other viral infec-
tions, COVID-19 could trigger an AIID flare. Nevertheless, 
beyond rheumatologists’ expectations, COVID-19 is linked 
to autoimmune and autoinflammatory sequelae raising ques-
tions about its long-term immune-mediated consequences 
and complications [11]. Importantly, musculoskeletal com-
plaints, cytopenias, the pattern of lung involvement, vas-
culitic events, secondary thrombophilia, and glucocorticoid 
responsiveness approximate the manifestations of AIIDs 
[12].

Based on the latest data from the EULAR COVID-19 
database, as of 1 December 2020, approximately 3590 
patients with rheumatic diseases were reported to have con-
tracted SARS-CoV-2 [13], representing only the tip of the 
iceberg. Unique to the population with AIID is the underly-
ing autoimmunity, common comorbidities (cardiovascular 
and gastrointestinal disorders, kidney and lung diseases, 
infections, neoplasms, and depression) [14], and ongoing 
therapy with immunosuppressive and/or glucocorticoids 
[4, 12]. The heterogeneity of AIIDs and their disease activ-
ity defines the great diversity of therapeutic agents ranging 
from immunomodulators such as antimalarials through bio-
logics and new target synthetic agents and finally to potent 
immunosuppressive drugs such as alkylating agents, fully 
compromising the immune system. Notably, the adminis-
tered therapeutic agents bring another variable to the anyway 
complicated equation weighing the potential benefits and 
detriments of vaccination.

In recent decades, biological and new target synthetic 
agents have tremendously improved and modified the course 
of AIID and significantly improved the disease outcomes. 
On the other hand, they have led to some changes in an 
"unfavorable" direction, generally increasing the risk of 
infections. Nevertheless, numerous high-quality studies have 
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already found that the risk of contracting SARS-CoV-2 and 
poor COVID-19 outcomes of patients with the most com-
mon AIID is similar to the general population [15, 16]. In 
the case of immunosuppression, the response to some vac-
cines and the efficacy resulting in immunogenicity, how-
ever, has become unpredictable, especially in the case of B 
cell depleting therapies [17]. Those concerns were recently 
addressed in the European League Against Rheumatism 
(EULAR) recommendations. Ahead of time and events, 
EULAR has stated that immunization with non-live vac-
cines could be carried out during the use of glucocorticoids 
or anti-rheumatic drugs [18]. Is that the case with the new 
COVID-19 vaccines?

Although preliminary data showed that AIIDs themselves 
did not pose an increased risk of SARS-CoV-2 infection 
and severe disease [15, 16], there is a complexity of dis-
ease-disease and drug-disease interactions characteristic of 
AIIDs that need special consideration. AIID-induced organ 
damage, coexisting chronic cardiovascular, metabolic, and 
respiratory comorbidities, predisposition to bacterial infec-
tions, B cell depletion therapies, and the use of high-dose 
glucocorticoids could increase the risk of poor outcome 
[19]. Therefore, COVID-19 prevention strategies should be 
prioritized in the specific population of patients with AIIDs, 
and vaccination against SARS-CoV-2 is thought to be one 
of the most promising approaches. Nevertheless, their safety 
and efficacy in the light of emerging evidence should be 
primarily and consistently analyzed.

Vaccines recommendations and safety 
concerns in patients with autoimmune 
diseases

Theoretically, autoimmunity may potentially be triggered by 
vaccines. Immune mechanisms such as antigen presentation, 
cytokines production, anti-idiotypic networks, bystander 
activation, epitope spreading, and polyclonal activation of 
B cells are involved in both anti-infectious immune response 
and autoreactivity [20, 21]. It is essential to emphasize that 
to develop autoimmunity, in addition to the aforementioned 
mechanisms, autoreactive T and B cells have to be involved 
and self-epitopes to be exposed during the infection. This is 
the case in the minority of the infections. Nevertheless, anti-
nuclear antibodies and autoimmune cell-mediated responses 
are common during and after viral infections. However, 
this transient autoreactive positivity is not followed by any 
symptoms or clinical consequences [22, 23]. Noteworthy, 
autoreactivity is not equal to autoimmunity due to various 
and sufficient control mechanisms that regulate the immune 
responses. Besides, there is strong evidence that autoim-
mune disease development depends on many other factors, 

except for vaccines. Since autoimmune diseases occur in the 
absence of vaccines, it is not feasible to assume that vaccines 
cause autoimmunity alone [24].

Furthermore, there is substantial evidence that infec-
tious agents are significantly linked to causing autoimmun-
ity [25]. The possible positive association between vaccines 
and autoimmunity was mostly based on anecdotal cases, 
case reports, and uncontrolled observational studies [24]. 
For example, Campylobacter was linked to Guillain–Barre 
syndrome (GBS) [26], influenza virus—multiple sclerosis 
[27], Coxsackie virus—diabetes type 1 [28], Human par-
vovirus B19—rheumatoid arthritis [29], and the list is not 
exhaustive.

Since natural infection can result in autoimmune dis-
orders, it is rational to question whether vaccines can also 
induce autoimmunity. Or whether the vaccination can 
increase the prevalence of autoimmune disorders in some 
susceptible individuals. Multiple studies have investigated 
various vaccines. However, no autoimmune disorders have 
been demonstrated as caused by vaccines so far [24]. Talk-
ing for GBS, for example, it was estimated that the relative 
risk for the development of the syndrome is tenfold higher 
after natural flu infection compared to the influenza vaccine 
application, or in other words—one additional case per one 
million people vaccinated. Besides, this estimation excludes 
other known severe influenza-related complications [20, 30].

Significantly, uncontrolled infection-induced autoreactive 
mechanisms may transform into autoimmunity in individuals 
with a strong genetic predisposition [31, 32]. In line with 
this, some individuals indeed develop autoimmune diseases 
following vaccines, but these are rare. Nevertheless, experts 
are exploring autoimmunity issues related to vaccines [24]. 
However, the majority of people can vaccinate without any 
risk of autoimmunity onset [33]. Three main issues need to 
be addressed about vaccines and patients living with autoim-
mune diseases:

• Are there any contraindicated vaccines?
• Will vaccines be sufficiently effective while on immuno-

suppressive treatment?
• Could vaccines cause an AIID flare?

Only a few vaccines should be avoided in patients with 
autoimmune diseases. For rheumatic patients on gluco-
corticosteroids or disease-modifying antirheumatic drugs 
(such as cyclophosphamide, methotrexate, azathioprine, 
tumor necrosis factor inhibitors, etc.), the use of live atten-
uated viruses is not recommended (e.g., flu shot, rotavirus 
vaccine for babies of female patients on immunosuppres-
sants), although some vaccines, such as measles, mumps, 
and rubella (MMR), and herpes zoster vaccines, can be 
used with cautious when the benefits outweigh the risks 
in patients on low doses of immunosuppressants [18]. 
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However, patients with autoimmune inflammatory rheu-
matic diseases can safely obtain all the benefits of the inac-
tivated vaccines, or those based on recombinant proteins 
or toxoids (i.e., "killed" flu shot, pneumococcal, tetanus 
toxoid, against HBV and HAV, HPV, etc.) [18, 34].

Still, the dilemma for patients with rheumatoid arthri-
tis, lupus, scleroderma, and other autoimmune conditions 
exists whether the vaccine’s potency will be accomplished 
or the effectiveness will be diminished. In any case, 
some vaccines are recommended even when the immune 
responses and protection are uncertain. And in some cases, 
the use of antiviral drugs early during the viral infection 
in patients with AIIDs is a must, although they have been 
vaccinated (i.e., in case of influenza). For other cases, the 
increased dosage of influenza vaccine would help coun-
teract the reduced response; or to pause the treatment 
temporarily or just before the vaccine is administered and 
resuming after two weeks for patients on methotrexate who 
are at high risk for influenza [35].

Although the immunogenicity and the effectiveness of the 
vaccines in this population of patients may be lower than the 
healthy controls, they are generally comparable. Besides, the 
data on the vaccine’s effectiveness in the rheumatic popula-
tion of adults and children are insufficient because only a 
few studies follow up the length of protection and different 
modalities of the immune responses after vaccination [25].

The greatest concern of people with rheumatic diseases 
is whether the risk of flare or exacerbation of the disease is 
higher after vaccination. An analysis of the existing litera-
ture up to 2010, including more than 5000, showed that peo-
ple who already had autoimmune diseases were not endan-
gered by exacerbation or worsening of the disease [23]. The 
data showed no vaccines raised safety issues or worsening of 
the disease in children with rheumatoid arthritis (incl. MMR 
vaccine); multiple sclerosis, reactive arthritis, vasculitides, 
type 1 diabetes, lupus erythematosus (except HBV and tick-
borne encephalitis vaccines that were linked to neurological 
manifestations). Nevertheless, taking into account that due 
to immunosuppressive therapy, these patients are more prone 
to infectious disease and severe illness with the development 
of complications, the benefits of the vaccination outweigh 
the possibility of disease exacerbation [25].

Patients should ideally be vaccinated during remission 
or low-disease-activity state of AIID and before planned 
immunosuppression [18]. However, this might not be pos-
sible in a significant proportion of rheumatic patients. In the 
case of potent immunosuppression, based on the accumu-
lated experience with influenza vaccines, repeated revac-
cinations may theoretically boost immunogenicity securing 
higher levels of seroprotection. Furthermore, while on anti-
CD20 therapy, dose interruption to allow immature B cells 
to recover may be an option to improve vaccine efficacy [17]. 
Given the lack of empirical data with COVID-19 vaccines 

in rheumatic patients, we hypothesize possible modifiers of 
vaccine response based on extrapolated data from other well-
known non-live vaccines [36–39], summarized in Table 1.

Types of vaccines for COVID‑19 and concerns 
for patients with rheumatic diseases

The World Health Organization (WHO) has recognized the 
need for a safe and efficient vaccine to manage the spread of 
the SARS-CoV-2 infection worldwide during the COVID-19 
pandemic [40]. However, patients with rheumatic disease 
fall in the groups of patients with chronic disease who will 
be included in the trials of the new COVID-19 vaccines at 
the next stage. Many questions regarding the immunogenic-
ity, effectiveness, and safety were raised with the develop-
ment and the progress of the candidates [18]. Currently, 60 
vaccines are included in the overall of 152 trials in 41 coun-
tries worldwide. The need to address the immediate demand 
for vaccines allows applying a new model framework for 
vaccine development. This has led to shortening the devel-
opmental timelines of usually 10–15 years to 1–2 years [41].

There are a variety of approaches towards building a pro-
tective immunity against SARS-CoV-2. Still, the main are 
four: whole virus (inactivated or weakened), viral vector 
(replicating and non-replicating), nucleic acid (RNA, DNA), 
and protein-based (protein subunit, virus-like particle) [42]. 
All vaccines try to introduce viral antigens to the immune 
system to obtain effective immune responses that will elimi-
nate or block the virus from entering the cells and cause ill-
ness. At least, exposed patients to develop an asymptomatic 
or mild form of COVID-19.

The vaccines’ ultimate goal is to provide long-lasting 
protection against the virus for rheumatic patients without 
putting them at risk of flares or complications. Neverthe-
less, the information for some of the vaccines is still scarce. 
However, with accumulating data, the decision-making for 
rheumatologists which patients to vaccinate, when and with 
what vaccine, will become easier.

Additionally, different vaccines against COVID-19 have 
distinct logistic issues (i.e., variable stability, transportation 
in liquid nitrogen, need for more booster doses, etc.) that 
can hinder their distribution around the globe, especially 
affecting vaccine availability in low-income countries. This 
may result in achieving different levels of population immu-
nity against COVID-19 or lack of vaccination at all in some 
regions.

Whole virus‑based anti‑COVID‑19 vaccines

The virus-based vaccine candidates use weakened or inac-
tivated virus processed by either conventional technology 
by passing the virus through animal or human cells leading 
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to mutations, or by chemical substances (most commonly 
formaldehyde and heat) that make it less virulent. The use 
of whole attenuated virus resembles the natural infections 
highly; therefore, the immunity includes all the aspects 
of the immune response (innate and adaptive). However, 
although very efficient, these vaccines require a longer time 
to develop, which delays the process. Currently, two inac-
tivated vaccines against SARS-CoV-2 were approved by at 
least one country: Covaxin (Bharat Biotech) and BBIBP-
CorV (Sinopharm). The other whole virus-based vaccines 
with an inactivated virus, such as Inactivated (Sinopharm), 
CoronaVac (Sinovac), Inactivated (Chinese Academy of 
Medical Sciences), are still in phase III of clinical trials. 
The sole live-attenuated COVI-VAC (Codagenic Inc) is in 
phase I.

Nevertheless, this kind of vaccine raised the most safety 
concerns. This is especially valid for patients with autoim-
mune rheumatic disease since they may be immunocom-
promised mainly due to the treatment. According to current 
EULAR recommendations, live-attenuated vaccines may be 
considered with caution in patients with rheumatic diseases; 
however, their immunocompetent family members should 
be encouraged to receive inactivated and live-attenuated 
vaccines according to the national guidelines (e.g., MMR, 
rotavirus, varicella, and zoster vaccine; except for the oral 

polio vaccine) [18]. Suppose we extrapolate this postulate 
on COVID-19 vaccines. In that case, patients with AIIDs 
may obtain the benefits of other types of vaccines. Still, their 
relatives may be vaccinated with inactivated/live-attenuated 
vaccines against SARS-CoV-2 to protect AIIDs patients, 
especially in the expected vaccine shortage.

Protein subunit‑based anti‑COVID‑19 vaccines

Protein-based vaccines rely on fragments of viral proteins or 
proteins that mimic the SARS-CoV-2 outer coat. Most can-
didate vaccines that use protein subunits focus on the spike S 
protein, particularly on its receptor-binding domain. Usually, 
this kind of vaccine requires adjuvants to overcome some of 
the vaccines’ limitations and enhance the immunogenicity 
of the vaccine. Besides, eventually, they need multiple doses 
to establish an effective and long-lasting immune response.

A virus-like particle is an approach that utilizes empty 
virus shells that mimic the coronavirus structure. It is known 
that this kind of particles can induce a robust immune 
response. The main limitation is that they are challenging 
to manufacture.

The candidate vaccines that employ protein subunits in 
phase III are RBD-Dimer (Anhui Zhifei Longcom), NVX-
CoV2373 (Novavax), and virus-like particles—Plant-based 

Table 1  Hypothesized modifiers of vaccine response and considerations in patients with autoimmune inflammatory diseases

Potential modifiers Specific population group Considerations

General viewpoints
 Age Elderly patients Elderly patients may have diminished immune 

reactivity and reduced seroconversion rate 
due to, in part, the long-standing autoimmune 
inflammatory disease with its confounding 
effect

 Gender Male patients Male gender may be associated with lower 
acceptance rate and lower rates of postvaccina-
tion seroconversion [36]

 Immune history Exposed to virus or vaccinated patients “Immune imprinting” due to prior coronavirus 
exposure may affect both positively or nega-
tively vaccine effectiveness [37]

 Comorbidity Obese and multimorbid patients Obesity and end-organ damage may affect host 
response to vaccines due to altered T-cell func-
tion and reduced levels of interferon-gamma 
and granzyme B [38]

Autoimmune disease-specific viewpoints
 Disease activity and duration Patients with high disease activity and/or long-

standing disease
The long-standing and active autoimmune inflam-

matory disease may affect immunogenicity by 
reducing seroconversion rates [39]

 B cell depleting therapy Rheumatic patients undergoing CD20 depleting 
therapy

B cell responses and thus, a serological response 
to vaccines are hindered by CD20 depletion 
therapy [17]

 High-dose glucocorticoids and other 
immunosuppressive agents

Immunosuppressed patients Variable impact on vaccine effectiveness with the 
majority of patients having satisfactory serocon-
version rates [18]
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VLP (Medicago). The other candidates are still in phase I 
or II of clinical trials. With regards to patients with AIIDs, 
experience with such vaccines was accumulated mostly for 
seasonal trivalent subunit influenza vaccination showing 
good immunogenicity and effectiveness in patients treated 
with variable disease-modifying rheumatic drugs [43, 44], 
except for rituximab [45]. Although not investigated in 
patients with AIIDs, the non-live recombinant subunit adju-
vant vaccine against zoster may replace the live-attenuated 
vaccines [46].

For these reasons, we can assume that COVID-19 vac-
cines based on protein subunits are potentially among the 
vaccines with the best safety/effectiveness profile for patients 
with rheumatic diseases.

Viral vector‑based anti‑COVID‑19 vaccines

Vaccine platforms using vectors to deliver the virus in the 
organisms are a well-known approach. For vectors, geneti-
cally engineered measles or adenoviruses are used. Thus, 
they cannot cause disease. They are two types: replicating 
and non-replicating. Replicating viral vectors (such as weak-
ened measles) against COVID-19 can replicate after entering 
the host cells; however, there is no risk for infection occur-
rence—neither of the measles, not of the SARS-CoV-2. The 
vaccine-induced immune response tends to be strong, with 
an excellent safety profile of the vaccine. Like the other viral 
vectors for SARS-CoV-2 antigens, adenovirus cannot rep-
licate. Still, it can deliver coronavirus spike or other genes 
in the host cells. Although not used in a licensed vaccine, 
adenoviruses have a long history in gene therapy.

However, the main drawback of vaccines based on 
viral vectors is the low effectiveness due to prior existing 
immune response to the vector and the need for frequent 
booster doses for establishing long-lasting immune response. 
Available data on vector-based vaccines in immunocompro-
mised patients suggest that disseminated infection is highly 
unlikely. Importantly, viral vector replication is incompetent 
and viral-based vaccines are well tolerated. Among the solic-
ited and unsolicited adverse events, severe ones were not 
observed in a host with a compromised immune system [47].

At the time of writing the paper, the following non-
replicating viral vector vaccines Sputnik V (Gamaleya), 
AZD1222 (Oxford/AstraZeneca), and Covishield (Serum 
Institute of India) were approved by at least one country. 
In phase III are Ad5-nCoV (CanSino) and Ad26.COV2.S 
(Janssen) so far. Vaccines based on replicating viral vectors, 
such as IIBR-100 (Israel Institute for Biological Research) 
and DeINS1-2019-nCoV-RBD-OPT (Wantaj), are still in 
phase II.

To date, there is no experience of viral-vector based 
vaccines against infectious agents in patients with AIIDs, 
although there are approaches for viral-vector gene therapy 

in patients with immune-mediated diseases [48]. Neverthe-
less, three cases of transverse myelitis were reported after 
ChAdOx1 nCoV-19 (AZD1222) booster vaccination. Ini-
tially, they were described as potentially related to the vac-
cination unexpected serious adverse reactions. Later, they 
were considered by independent neurological experts as 
“idiopathic” spinal cord demyelination or “pre-existing”, but 
previously unrecognized, multiple sclerosis. The relationship 
between the vaccine and acute transverse myelitis remained 
possible in only one of the cases [49]. All three trial par-
ticipants have improved or recovered. Independent clinical 
review of the safety data showed an acceptable safety pro-
file and effectiveness against symptomatic COVID-19. The 
monitoring of safety focused on neurological adverse events 
continues in the trials.

Nucleic acid

The majority of vaccine platforms that implement nucleic 
acids use instructions to synthesize the S protein of SARS-
CoV-2 (in the form of RNA or DNA). By a process called 
electroporation, the uptake of DNA instructs into the host 
cells is enhanced. In contrast, RNA-based vaccines include 
lipid nanoparticles to allow RNA to enter the host cells. 
The advantage of these approaches is the fast and facilitated 
development with a low-to-moderate manufacturing scale 
due to the production of the genetic instructs but not the 
viral proteins.

However, the major drawback is that there are no licensed 
vaccines that use this technology so far, although mRNA 
vaccines (for influenza, rabies, and Zika virus) have been 
previously verified in animals. Besides mRNA vaccines 
against anti-infectious agents, mRNA technology was suc-
cessfully implemented in cancer vaccines (incl. dendritic 
cells, directly injectable mRNA, etc.), which have been 
tested in many cancer clinical trials, with promising results 
in eliciting strong T cell responses and increased disease-
free survival of patients [50–52].

However, as the novel and potent for rapid spread path-
ogens such as SARS, Ebola, and Zika arise, the need for 
global preparedness for pandemics has been highlighted. 
This includes the readiness for fast development and distri-
bution of vaccines [53]. Amongst the disadvantages is the 
logistic issues due to the need for special temperature condi-
tions for the not so stable RNA.

On the COVID-19 vaccines timeline, RNA-based 
BNT162b2 (BionTech/Pfizer) was approved in 48 coun-
tries, and mRNA-1273 (Moderna)—in two countries so far. 
Another RNA-based vaccine in phase III is CVnCoV (Cure-
vac). DNA-based vaccines INO-4800 (Inovio) and AG0301-
COVID-19 (AnGes) are in phase III.

A recent paper by Polack et  al. demonstrated 95% 
effectiveness of the BNT162b2 vaccine in preventing 
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SARS-CoV-2 infection with an excellent safety profile and 
mostly mild-to-moderate adverse events, comparable with 
the placebo group and other viral vaccines [54].

Although patients with rheumatic diseases will be consid-
ered potential participants in phase III and beyond, this kind 
of vaccine is generally considered safe for this population. 
However, only the lack of data here increases the hesitancy 
amongst the rheumatologists and other specialists to recom-
mend these vaccines for their patients.

Although there is no real-world experience with patients 
living with AIIDs, some potential advantages of RNA-based 
vaccines for this specific group should be taken into account. 
Recent studies demonstrated that mRNA vaccines surpass 
others, such as live-attenuated, protein subunits, inactivated, 
and DNA vaccines [50]. In the first place, mRNA is non-
infectious, non-integrating vector/instruct. The possibility of 
contamination or insertional mutagenesis is not even theo-
retically present. The half-life of mRNA is limited, thus, 
controlled by the normal cellular processes and different 
modifications. To further improve the protection profile, 
the intrinsic immunogenicity of mRNA can be decomposed. 
Regarding effectiveness, a vast number of improvements 
could be done to make mRNA highly translatable and enable 
rapid cytoplasm uptake and expression [55–58]. Some of the 
possible modifications, such as the incorporation of modi-
fied nucleosides, can increase mRNA translation but reduce 
innate immune activation while preserving production of 
type I interferons and proinflammatory cytokines [59]

For the patients with rheumatic diseases, the theoreti-
cal risk for relapse of the autoimmune disease is related to 
mRNA’s properties. By RNA sensor recognition in den-
dritic cells, mRNA from the vaccines can exert adjuvant-life 
effects on the innate immune system (Fig. 1). It was shown 
as early as the 60’s in the last century that single-stranded 
mRNAs are pathogen-associated molecular patterns that 
activate toll-like receptors TLR7 and TLR8, resulting in type 
I interferon production [60]. A study from 2017 showed that 
mRNA vaccines could increase cytokines and chemokines’ 
production after intradermal application.

However, mRNA instruction may be modified not to acti-
vate TLRs, thus decreasing IFN type I secretion [61].

By stimulating dendritic cells’ maturation and eliciting 
robust T and B cell responses, RNA-based vaccines may 
activate bystander autoreactive lymphocytes. Theoretically, 
this process can reactivate autoimmune diseases. However, 
mRNA exhibits an inhibiting function on antigen expression 
that may suppress the immune response [55, 59]. Therefore, 
we cannot predict the overall outcomes from the mRNA 
action on innate and adaptive immunity through vaccines 

[62]. All the paradoxical effects of mRNA on innate immune 
sensing have to be elucidated, in vivo and clinically [55, 59].

However, we have to emphasize that the innate responses 
after vaccination with RNA-based vaccines are not the pri-
mary responses. In line with this, effects of RNA-based vac-
cines on the innate immunity are complementary. On the 
one hand, these effects are desirable, considering the viral 
mechanisms of inhibiting interferons and other arms of the 
immune system. On the other hand, the activation of the 
innate immune system may contribute to the non-specific 
activation of autoreactive lymphocytes leading to higher risk 
of relapse of the current disease or hypothetically develop-
ing an AIID.

To the best of our knowledge, real-world data on COVID-
19 vaccines in patients with AIIDs tend to zero. The exclu-
sion criteria for the two currently approved mRNA vaccines 
at different stages of the study included autoimmune dis-
eases. Interestingly, the US Food and Drug Administration 
(FDA) considered that there was a possibility that the vac-
cine had contributed to the onset of rheumatoid arthritis 
[63].

Conclusion

Establishing proper recommendations for the newly devel-
oped vaccines against SARS-CoV-2 would be challenging. 
Although vaccine administration has been associated with 
autoimmune manifestations in certain genetically predis-
posed individuals, it was demonstrated that vaccinations do 
not pose a more prominent danger than natural infections 
themselves.

Both patients and clinicians are concerned about the 
potential risk for relapse or worsening of autoimmune dis-
eases mainly because of insufficient data. At this stage of the 
trials, patients with rheumatic diseases are included only by 
exception. Clinical data extracted from these single cases 
cannot be applied to all patients with AIIDs. Experience 
with well-known vaccines can provide guidance and partial 
confidence for the use of the “new vaccines”. Still, AIID 
patients need to be included in the ongoing clinical trials 
to ensure vaccine safety and efficacy in the context of an 
autoimmune disease.

The associated vaccination risk should not lead to vac-
cine refusal or major delay in rheumatic patients who will 
soon have at their disposal different vaccine platforms with 
variable safety and cost-effectiveness profiles. Furthermore, 
trials would clarify the underlying immunological mecha-
nisms of the newly implemented vaccines/adjuvants in the 
AIIDs population.
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Fig. 1  The immune processes involved in the mechanism of mRNA 
vaccines—activation of T helper cells (CD4+) via MHC I molecules 
and processed viral antigen in antigen-presenting cells in the lymph 
node; stimulation of T cytotoxic cells (CD8+) via MHC class II mol-
ecules and processed viral antigen and B cell by native viral antigens. 

In antigen-presenting cells, mRNA sense TLR7 and 8, leading to acti-
vation of down cascade and production and secretion of proinflam-
matory cytokines and type I interferons. Some of the mechanisms are 
simplified in the figure by omitting (i.e., the inflammasome, the pro-
teasome, secondary messengers, etc.)
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