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The mosaic of autoimmunity – Finally discussing in person. The 13th international congress on 
autoimmunity 2022 (AUTO13) Athens  
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A B S T R A C T   

While autoimmunity is a branch of medicine linked to every single organ system via direct and indirect path-
ways, meeting in person to discuss autoimmunity during the 13th international congress on autoimmunity 
(AUTO13) with participants from all over the world had a very good reason. The mechanisms involved in 
autoimmune diseases are of extreme importance and in fact critical in understanding the course of diseases as 
well as selecting proper therapies. COVID-19 has served as a great example of how autoimmunity is deeply 
involved in the disease and directly correlated to severity, morbidity, and mortality. For instance, initially the 
term cytokine storm dominated, then COVID-19 was addressed as the new member of the hyperferritinemic 
syndrome, and also the use of immunosuppressants in patients with COVID-19 throughout the pandemic, all shed 
light on the fundamental role of autoimmunity. Unsurprisingly, SARS-CoV-2 was called the “autoimmune virus” 
during AUTO13. Subsequently, the correlation between autoimmunity and COVID-19 vaccines and post-COVID, 
all were discussed from different autoimmune aspects during the congress. In addition, updates on the mecha-
nisms of diseases, autoantibodies, novel diagnostics and therapies in regard to autoimmune diseases such as 
antiphospholipid syndrome, systemic lupus erythematosus, systemic sclerosis and others, were discussed in 
dedicated sessions. Due to the magnificence of the topics discussed, we aimed to bring in our article hereby, the 
pearls of AUTO13 in terms of updates, new aspects of autoimmunity, and interesting findings. While more than 
500 abstract were presented, concluding all the topics was not in reach, hence major findings were summarized.   

1. Introduction 

At the time the restrictions imposed by the pandemic of COVID-19 
started to ease, one could not wish for a better reason to travel to Ath-
ens to attend the 13th international congress on autoimmunity 2022 
(AUTO13). In addition to the importance of autoimmunity, the event 
itself, was a piece of art in all of its components, starting from the city, 
venue, attendees, presenters, and the topics discussed [1]. In fact, 
autoimmunity as the center and main motivator for the gathering for the 
13th time, deserves all of the attention given, and rightly so. The 
importance of autoimmune mechanisms and diseases, in almost every 
domain in medicine cannot be overemphasized. For instance, autoim-
munity has been linked to all body systems, almost with no exception 
[2–4]. Moreover, early in the pandemic of COVID-19, the association of 
COVID-19 with autoimmunity has been thoroughly reported in the 
medical literature [5,6]. Unsurprisingly, the latter topic had an exten-
sive attention during AUTO13 due to its significance and relevance 
while the world is still coping with the pandemic. Vaccines in general, 
and those against COVID-19 in particular, had dedicated sessions during 
AUTO13 as well. Actually, while vaccines have long been associated 
with autoimmune side effects and disorders [7,8], COVID-19 vaccines 
were shown to be related with autoimmune manifestations and diseases 
[9]. Therefore, based on the domains mentioned and searched, more 
than 500 abstracts were accepted to AUTO13, divided into both oral and 

poster presentations. The plenary sessions of AUTO13 specifically, 
included high-standard lectures presented by leading researchers. 
Among others, latest updates on the mechanisms of autoimmune dis-
eases, novel diagnostics and therapies were illustrated. Due to the 
greatest value of the international congress on autoimmunity, such as 
AUTO13, primarily because of its contents, and secondarily as it was 
held in person after a period of virtual meetings during the pandemic of 
COVID-19, we found it of extreme importance to conclude the topics, 
discussions, and the pearls gathered during the AUTO13 and bring them 
hereby in our paper. The summary of the studies discussed is critical in 
our opinion, to the present and future research in the field of autoim-
munity. Nevertheless, as hundreds of abstracts and presentations could 
not be concluded in one article, we summarized the most leading, 
innovating, and updated topics presented during AUTO13. 

2. Virtual versus in person 

We are full of appreciation and respect for the community of re-
searchers and those dealing with the improvement of understanding 
diseases, as well as providing diagnostic and treatment options, for the 
fact that medical congresses continued to be held virtually during the 
pandemic of COVID-19. Our colleague Jan Damoiseaux addressed the 
special features and characteristics of virtual meetings in our article 
summarizing the 12th international congress on autoimmunity 2021 
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(AUTO12) held virtual [4]. Among others, of the advantages mentioned 
by Damoiseaux were the unique ability to choose which sessions and 
presentations to attend at the push of a button, as there is no need to 
walk and move fast between halls to catch presentations on time. 
Furthermore, while talks were prerecorded, time prolongation and 
violation, if to say, rarely occur during virtual meetings. The privilege of 
stopping and repeating the records when needed for better listening or 
looking at a slide, are of great value as well. Having said that, in person 
meetings, still possess their shine alongside numerous advantages. Face- 
to-face meetings, in autoimmunity for instance, serve as a base for 
establishing cooperation in such a thirsty field for research and devel-
opment. Meeting in person, have certainly contributed to an upgraded 
experience, where students and young doctors met leading professors, 
diagnosticians helped treating physicians, and most importantly asking 
questions and allowing discourse and discussions. While virtual gath-
erings kept the tradition of knowledge sharing viable, it is challenging to 
find a replacement for in person meetings, without a doubt. 

3. Art was also a part of AUTO13 

In a nice gesture to art in medicine, Cohen Tervaert illustrated 
beautifully how diseases were depicted in art throughout history. The 
author showed portraits, painted by famous artists such as Frans Hals, of 
people with Heberden nodules long before being described in the 
medical literature [10]. The presenter emphasized the importance of 
observing in medicine and how art contributed to sharpening the skills 
of physicians and improved diagnosis [11]. 

4. Basic components of autoimmunity during AUTO13 

4.1. Mechanisms 

Revealing the underlying mechanisms inducing autoimmune 
response carries great importance to develop more efficient and targeted 
therapies for autoimmune diseases. Moreover, a great number of studies 
investigated the mechanisms triggering various proteins in the body to 
become autoantigens. Biedermann investigated the possible self- 
antigenic potential of topoisomerase 1 (TOP1) cleavage complexes 
(Top1cc) which are protein–DNA cleavage complexes linking TOP1 to 
DNA strand breaks [12]. Biedermann hypothesized that Top1cc could 
function as self-antigen and triggers autoreactive B-cells bypassing T cell 
dependency. For this reason, the author aimed to test whether the 
increased number of Top1cc could contribute to an autoimmune disease. 
In order to impair the repair of ribonucleotides and to increase Top1cc 
which stabilizes the nucleosomal breaks, a knockout of the RNaseH2 
genes in vitro was conducted. However, knock-out cells could not 
demonstrate an increase in Top1cc despite a successful defect in RNase 
H2 [13]. Some of the mechanisms responsible for evoking autoimmune 
responses are closely related to the functioning of the immune system. 
Rikhi and friends examined the dominancy and phenotype of T cell 
subsets in 8 patients with immunodeficiency of Wiskott-Aldrich syn-
drome (WAS) [14], as patients with WAS were found to be prone to 
developing autoimmune manifestations [15]. Among the 8 patients 
studied, 4 developed an autoimmune disease. The flow cytometry 
analysis revealed an imbalance in the Th1/Th2 ratio favoring Th2 
dominancy in all 8 patients. On the other hand, the authors found a 
decrease in follicular T helper (TFH) cells in only 4 patients with WAS 
who developed autoimmunity, which was not the case in WAS patients 
without autoimmunity neither in healthy controls. Further investigation 
of T cell subsets and phenotype dominancy could shed light on the un-
known mechanism of autoimmune phenomena in WAS, the authors 
concluded. Furthermore, a study on immune system components and 
their roles in autoimmunity was conducted by Achour and colleagues. It 
is known that TFH induce B cells to terminally differentiate into 
antibody-secreting plasma cells [16]. Achour et al previously demon-
strated that regulatory B (Breg) cells inhibit TFH-induced plasma cell 

activation and resulting antibody secretion [17]. In their recent study, 
the group aimed to test whether modulating Breg cells have an effect on 
TFH cell-mediated antibody secretion in the settings of autoimmune 
diseases such as primary Sjogren’s syndrome and SLE. In vitro differ-
entiation of human T cells into TFH cells was performed. Furthermore, 
co-culture of resulting TFH cells and B cells derived from Sjogren’s 
syndrome and SLE patients lead to plasma cell differentiation and IgM, 
IgG, and IgA secretion. When Breg cells were added to TFH-B cells co- 
culture derived from healthy patients and Sjogren’s syndrome, they 
dampened the plasma cell differentiation and antibody production. 
However, Breg cells did not inhibit TFH-mediated plasma cell and 
antibody formation in co-cultures derived from SLE. The authors 
concluded that an impairment in Breg cells may be responsible for TFH- 
dependent humoral response in SLE. Similar findings were reported 
before, strengthening the conclusion of the authors [18–20]. Last but not 
least, stress has long been believed to play a critical role in initiation and 
exacerbation of the autoimmune disorders [21]. Katz and friends 
revealed a higher prevalence of the autoimmune diseases among sur-
vivors of the Holocaust in Israel possibly linked to horror and extreme 
stress experienced at that time. In their study, 105,995 Holocaust sur-
vivors were matched to 105,995 controls. The analysis showed that the 
prevalence rate of autoimmune disease was 87 per 1,000 (0.087) in the 
study group. Among autoimmune diseases, psoriasis was the most 
prevalent autoimmune disease in both groups and its prevalence was 
higher in Holocaust survivors (0.046) compared to the control group 
(0.014). Similar findings were reported previously [22,23]. 

4.2. Autoantibodies 

Developing more sensitive, specific, and convenient detection 
methods for autoantibodies is extremely important for the diagnosis and 
prognosis of autoimmune diseases. In the session concerning autoanti-
bodies, a great number of researchers introduced their studies on 
developing novel autoantibody detection systems and standardization 
methods [24]. For instance, Keppeke and friends proposed a new cell- 
based assay (CBA) for the detection of anti-fibrillarin autoantibodies 
which are used in the diagnosis and prognosis of Systemic Sclerosis 
(SSc). It is known that presence of anti-fibrillarin antibodies could be 
determined based on their characteristic clumpy nucleolar pattern on 
HEp-2 cells in indirect immunofluorescence assay. In clinical practice, 
immunoprecipitation and solid-phase immunoassays (SPIA) are the 
methods for detecting anti-fibrillarin antibodies. However, both 
methods have their own drawbacks. While the gold standard for 
detecting the anti-fibrillarin antibodies is immunoprecipitation (IP); it 
requires expertise besides the need of radioactive materials which 
hinder its applicability in routine use [25]. The authors suggested a 
novel strategy of relocating the fibrillarin antibodies to the membrane 
and compared the performance of the newly developed assay with IP 
and other commercial solid-phase immunoassays (SPIA) such as line- 
blot and ELISA in the study. HEp-2-IFA detected a total of 62 samples 
with high-titer nucleolar patterns. Of the 62 samples, 21 with a homo-
geneous pattern, and 41 in a clumpy pattern. The 62 samples were tested 
in the fibrillarin- CBA, immunoprecipitation, line-blot and ELISA. In 
regard to the CBA results, 38 of 41 clumpy nucleolar samples (92.7%) 
were tested positive for anti-fibrillarin, and all 21 homogeneous samples 
were negative, consistent with HEp-2-IFA. The authors concluded that 
the new detection method was superior to other SPIAs and as sensitive 
and specific as IP. Another cell-based assay to detect antibodies which 
are used for diagnosis of neuroimmune diseases more effectively have 
been developed by another group, Karagiorgou and colleagues. 
Neuronal nicotinic acetylcholine receptors (nAChRs) which are highly 
expressed in the central and peripheral nervous systems were shown to 
be linked to autoimmunity [26]. Conventionally, the detection of α3- 
nAChRs antibodies with a radioimmunoprecipitation assay (RIPA) is 
used for the diagnosis of autoimmune autonomic ganglionopathy (AAG) 
[27]. However, several reports demonstrated that low levels of α3- 
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nAChR antibodies were reported in other neurological diseases as well 
[28]. These findings motivated the group to come up with a more spe-
cific detection method for the potentially pathogenic nAChRs antibodies 
found only in AAG. The authors developed a live cell-based assay (CBA) 
by using alpha3-nAChR transfected cells and compared CBA and RIPA 
which was previously established. The cohort included patients with 
suspected and/or diagnosed with autonomic failure whereas the con-
trols had other neuroimmune diseases. At the end of the experiments, 25 
patients tested positive for alpha3-nAChR antibodies by RIPA while CBA 
detected positive only in 15 out of the 25 patients. Most importantly, the 
study revealed that all CBA-positive patients were suffering from AAG 
while CBA-negative patients had other neuroimmune diseases. The au-
thors showed that in comparison with RIPA, the specificity of CBA is 
higher, and the sensitivity is at least equal [29]. 

In addition, Hoovels et al evaluated different commercial assays used 
to detect rheumatoid factor (RF) and anti–citrullinated protein anti-
bodies (ACPA) to achieve an interpretation standardization. Eighteen 
different assays from 13 different companies for RF and ACPA (9 for 
each) were tested on 398 samples from rheumatoid arthritis (RA) pa-
tients and 1073 healthy controls. The results showed that the sensitivity 
and specificity varied significantly between assays. According to the 
report, the interval-specific likelihood ratio (LR) of the test results was 
consistent across the various RF and ACPA assays. ACPA tests showed 
higher LRs than RF and %22 RA patients reported to have ACPA levels 
with LRs more than 80. Revisiting antibody level thresholds and deter-
mining test result interval-specific LRs could allow better adjustment of 
ACPA and RF assays to clinical practice, the authors concluded [30]. 
Furthermore, during the autoantibodies session, Mahler hypothesized 
that autoantibodies do not only aid in diagnosis of autoimmune diseases, 
rather they may also be useful in classifying patients into disease sub-
groups [31]. Mahler claimed that despite the huge advances in science, 
there is still a gap between new findings of basic science and clinical 
practice [32,33]. The author speculated that harnessing the autoanti-
bodies in the stratification of patients could lead not only to more 
personalized and efficient treatments but also to predicting the disease 
[34,35]. New aspects of autoantibodies in Celiac disease was addressed 
by Lerner. The most common autoimmune diseases related with Celiac 
Disease (CD) are autoimmune thyroiditis and diabetes mellitus type 1. 
Several immunogenetic theories like epitope spreading, sharing com-
mon HLA genes and antigenic mimicry explained the presence of anti-
bodies against many tissues and organs, including but not limited to 
endocrine pancreas, smooth muscle, liver, anti-gastric, collagens and 
bone in patients with Celiac disease [36]. 

4.3. Cytokines 

The cytokine storm seen in COVID-19 and its effects on the immune 
neuroendocrine system by Jara and colleagues started the discussion of 
this important session. As a result of the multi-organ involvement found 
during the acute and post COVID-19 phases, high-risk patients (>65 
years old, with comorbidities) may experience cytokine storms during 
the course of COVID-19. It has been shown that SARS-CoV-2 infection 
can alter the immunological neuroendocrine system both during the 
invasion stage of various organs and tissues and during the recovery 
stage. The combination of viral infection alongside the cytokine storm 
are to blame for this harm. The main stress response systems are: 1. 
hypothalamic-pituitary-adrenal (HPA) axis, 2. hypothalamic-pituitary- 
thyroid (HPT) axis, 3. hypothalamic-pituitary-gonadal (HPG) axis, 4. 
prolactin/growth hormone System, and 5. autonomic Nervous System. 
The interaction between immunity and neuroendocrine is activated by 
stressors such as infectious diseases, autoimmune diseases, and trauma. 
The presentation discussed the devastating effects of SARS-CoV-2 
infection and cytokine storm on the immune neuroendocrine system 
[37]. 

The role of macrophage migration family of cytokines in autoim-
mune disease was presented by Nicoletti. The Macrophage Migration 

Inhibitory Factor (MIF) is a cytokine that plays a part in the development 
of a number of immune-inflammatory diseases. MIF binds to the intra-
cellular receptor JAB1, the cell-surface receptor CD74, and the non- 
cognate receptors CXCR2 and CXCR4. Due to the significant functions 
of MIF in both innate and acquired immune responses, the re-
sponsibilities of MIF in the regulation of immunologic response are 
varied. Caltabiano et al supported the suggestion that MIF plays an 
important key factor in autoimmune diseases [38]. 

Sciascia discussed the interesting and complex interaction between 
SLE and APS and the involvement of cytokines. Early and late signaling 
processes that occur as a result of the abnormal T cell response to an-
tigen lead to an unbalanced production of cytokines, such as reduced IL- 
2 and elevated IL-17. IL-17-producing T cells also have greater capacity 
to infiltrate tissues and support the inflammatory response. IL-23 is 
essential for the development of several autoimmune disorders. Auto-
immune illness is inevitably developed in humans and animals missing 
IL-2 or FoXP3 which regulate the formation of Treg cells. It is currently 
widely employed as a new strategy for treating autoimmune disorders, 
where IL-2 is the first-in-class cytokine, to restore immunological 
tolerance by increasing and activating Treg cells. Larger studies are 
required to determine how IL-2 might complement the present treat-
ment landscape in reducing a pro-inflammatory state, for example, from 
immunosuppressive drug combinations in very active inflammation to 
monotherapy in moderate illness. This has been discussed before which 
in fact strengthens the talk of Sciascia [39]. 

A study about serum cytokines as a biomarker of primary biliary 
cholangitis was conducted by Bauer and friends. The study included 192 
patients and 50 controls. Due to their pro-inflammatory activities, cy-
tokines IL-8, IL-17, and TNF- α may have a significant role in liver dis-
ease, particularly in the progression of the inflammatory process. The 
authors concluded that serum cytokine measurements can be employed 
as indicators of the severity of illness. Actually, cytokines such as IL-8, 
IL-17, and TNF- α have been shown to serve as biomarkers alongside 
variuos implications in other diseases [40–42]. 

Therapeutic aspects and opportunities for vitiligo were discussed by 
Khaitan. The melanocytes, which are mostly found in the skin and 
mucosae, affected by vitiligo, an acquired chronic pigmentary condition 
characterized by autoimmune destruction of melanocytes. Vitiligo is a 
psychologically taxing and visually debilitating disorder. The quality of 
life has been further lowered by its autoimmune character, which leads 
to chronicity, inconsistent responses to therapy modalities, and recur-
rent recurrences. Therefore, the goal of treatment should focus on pro-
longing remission time, preventing recurrences, providing pleasing 
aesthetic results, and assuring patient satisfaction [43]. The primary 
methods to largely accomplish the specified objectives are promoting 
melanogenesis and inhibiting cytokine signaling through targeted 
immunotherapy using corticosteroids and other immunosuppressants. 
Immunosuppressants are primarily used to stop the course of the illness, 
and they also cause re-pigmentation, possibly by enabling the preex-
isting melanocytes to function more effectively in an environment with 
less autoimmunity. The safer oral corticosteroid micro pulse (OMP) 
therapy has largely taken the role of daily corticosteroids in the treat-
ment of vitiligo. OMP has been used with various therapeutic modalities, 
including phototherapy, photochemotherapy, and immunosuppres-
sants, notably azathioprine and cyclophosphamide. 

4.4. Complements 

The complement system is an essential component of the innate and 
adaptive responses of the immune system, and it plays a vital role in 
fighting infections [44]. The levels of C3 and C4 have been strongly 
linked to the diagnosis of SLE, however, the levels are not reliable as in 
some cases they might be misinterpreted [45]. A newly developed 
research indicating that the split products of the complement system 
may be useful in the diagnosis and tracking of disease activity in SLE 
patients was presented by Weinstein [46]. In addition, Weinstein and 
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colleagues worked on the efficiency on the use of a multianalyte assay 
panel (MAP) in the diagnosis of SLE. They performed a retrospective 
study on 161 patients in 12 different centers in the USA, the in-
vestigators reviewed records at three different time stamps 1. (T0) when 
the MAP was ordered, 2. (T1) when the results of the MAP were 
reviewed by the physician, 3. (T2) any medical record that was at least 8 
months after T1. The investigators analyzed the confidence of the SLE 
diagnosis and found that the confidence in the diagnosis increased by 
1.74 times for every unit of increase in the MAP score, on the other hand, 
the confidence in the SLE diagnosis was low and very low in 35% and 
49% of patients with negative MAP scores, respectively. Moreover, more 
patients were initiated with hydroxychloroquine (HCQ) following a 
positive MAP test compared to patients with a negative MAP test [47]. 
The role the complement system plays in the pathophysiology of APS 
was illustrated by Philip et al during the session on complement. The 
presenter also addressed the autoantibodies against the complement 
system found in patients with APS patients. Of the autoantibodies 
mentioned, anti-C1q autoantibodies were found to possibly contribute 
to the activation of the complement pathway [48]. Furthermore, as APS 
is associated with pregnancy complications [49], some studies suggest 
that activation of the complement system may be the cause of pregnancy 
complications in aPL antibodies carriers [50]. Based on that, Lini and 
colleagues studied the effect of hydroxychloroquine (HCQ) administra-
tion in aPL pregnant carriers and APS pregnant women. The results 
showed that treatment with HCQ on top of the traditional treatment of 
low dose aspiring (LDA) and low molecular weight heparin (LMWH) in 
women with triple aPL positivity and compliment consumption had 
significantly better pregnancy outcome compared to patients taking LDA 
and LMWH without HCQ [51]. In terms of therapeutic implications, the 
use of complement pathway inhibitors, specifically targeting the C5a 
receptor pathway, in the treatment of ANCA-associated vasculitis (AAV) 
was presented by Tervaert. The therapy suggested was shown to lead to 
better outcomes in patients with AAV. The findings were supported by 
several studies with positive results of C5a pathway inhibitor-based 
therapy [52]. 

5. COVID-19 and related topics during AUTO13 

Due to importance of the topic, and based on hundreds of abstracts 
submitted to the congress in regard to COVID-19, the correlation be-
tween COVID-19 and autoimmunity was discussed in three main plains 
during AUTO13 as follows: 

5.1. COVID-19 and autoimmunity 

Given the huge impact the pandemic continues to have as it ap-
proaches its 3rd year, countless of autoimmune associations have been 
identified in literature. While the world is dealing with the aftermath of 
COVID-19 pandemic, AUTO13 served as the perfect stage to highlight 
the associations COVID-10 and autoimmunity share. Vojdani et al pro-
vided evidence for SARS-CoV-2 to be crowned as the ‘Autoimmune 
Virus’. Due to its capability in triggering hyperstimulation of the im-
mune system, the virus was linked to several autoimmune diseases, such 
as Kawasaki disease, Grave’s disease, SLE, among many others [53]. 
Although the exact pathogenetic mechanism is still unknown, the study 
of Vojdani and colleagues indicated that SARS-CoV-2 infection stimu-
lates the production of multiple autoantibodies which in turn may result 
in life-threatening autoimmune diseases [54]. Furthermore, the pul-
monary intravascular coagulopathy (PIC) as a mechanism for arteriolar 
and venular territory thrombosis among patients with severe COVID-19 
was introduced by McGonagle. In fact, SARS-CoV-2 tropism for alveolar 
type II pneumocytes was associated with the physiological immuno-
thrombosis seen in COVID-19 patients. The failure of initial innate im-
mune responses may trigger severe myeloid related inflammation in 
severe COVID-19 pneumonia, whereas it may remain confined to the 
alveoli in milder cases. Steroids, anti-cytokine therapy, and JAK 

inhibitors might be helpful in severe COVID-19 due to a possible 
moderation of lung tissue immunothrombosis in the post-viral replica-
tion phase of COVID-19, the author concluded [55]. Similarly, autoan-
tibodies in COVID-19 and the association with autoimmune diseases, 
was presented by Baiocchi and researchers. Following the assessment of 
autoantibodies in 171 COVID-19 patients, the authors found an 
increased dysregulated levels of autoantibodies in the serum of patients 
with moderate or severe COVID-19 infection. This suggests that the virus 
causes a wider loss of tolerance than what was anticipated before. Rie-
mekastan described COVID-19 as a heterogenous disease with varying 
symptoms and complications. In a systematic antibodies screening in 
patients with COVID-19, the authors identified anti-GPCR antibodies as 
natural components in the human body, however these antibodies 
production was disrupted in COVID-19. Furthermore, the levels of the 
antibodies isolated and the alteration patterns detected may reflect the 
disease severity as mentioned previously [54], the authors concluded. 
Zandman-Goddard et al argued that severe COVID-19 may be recog-
nized as one of the hyperferritinemic syndromes based on several 
mechanisms and implications COVID-19 shares with the 4 members of 
the hyperferritinemic syndrome [56,57]. In addition to the elevated 
levels of ferritin in patients with severe COVID-19, the subsequent 
complications and high mortality in these patients point out toward a 
pathogenetic role ferritin may play in the disease. In fact, ferritin is not 
the only factor to serve as an indicator of prognosis for COVID-19 
severity. Circulating calprotectin (cCLP) has shown to be a promising 
factor in evaluating the severity of COVID-19 due to the fact that cCLP is 
part of the innate immune response [58]. In this regard, the levels of 
cCLP among other factors were analyzed by Hoovels and colleagues in 
136 patients with COVID-19. Interestingly, higher levels of cCLP were 
detected in severely ill patients and those who were admitted to the 
intensive care unit. In a different study of patients arriving to emergency 
department, a similar conclusion was drawn, where cCLP could be used 
as an early predictor for COVID-19 severity [59]. Thyroid autoimmunity 
and COVID-19 association was discussed by Kostoglou-Athanassiou who 
presented a 50-year-old patient who developed subacute thyroiditis 2 
months following a mild SARS-CoV-2 infection, as well as a case of a 53- 
year-old male patient who developed subacute thyroiditis 3 days 
following COVID-19 vaccination. Both cases presented with high CRP 
and ESR and low TSH levels. Prednisolone 16 mg twice a day was given 
for 10 days, then tapered, alongside propranolol 20 mg twice daily. In 
both cases, the illness had gone into remission. One month after stopping 
prednisolone, the illness relapsed in the female patient. Multiple studies 
supported this claim, such as the first case to be described in the medical 
literature stating that a patient with slightly elevated heart rate and a 
sore and enlarged thyroid on palpation. Free thyroxine and free triio-
dothyronine were raised in laboratory tests, thyrotropin was undetect-
able, and inflammatory indicators and white blood cell count were 
higher. Neck ultrasonography revealed bilateral and widespread hypo-
echoic regions. The patient was diagnosed with sub-acute thyroiditis 
and started prednisone treatment with good clinical response. In 40 
days, thyroid function and inflammatory indicators were returned to 
normal [60]. 

5.2. COVID-19 vaccines and autoimmunity 

COVID-19 vaccines as well were addressed during AUTO13 based on 
the fact that several papers described the correlation between autoim-
munity, autoimmune mechanisms, and manifestations with vaccines 
against COVID-19 [9,61]. For example, Novel autoantibodies induced 
by COVID-19 vaccines have been identified through engine protein ar-
rays, according to Metzke. Still, clinical relevance needs to be confirmed 
[62,63]. Interestingly, interferon gamma release assay (IGRA) was 
suggested to be beneficial for testing the cellular response after SARS- 
CoV-2 vaccination, especially in immunocompromised patients such as 
those with steroid therapy. The findings were presented by Renaudineau 
and colleagues during the session based on their newly published data 
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[64]. 
With reference to adverse events following COVID-19 vaccines, in 

one study, a total of 28 adults were diagnosed with autoimmune disease 
among almost 361,000 recipients of at least one COVID-19 vaccine dose. 
Vasculitis was the most common condition with nine cases. Therefore, 
Hocevar and colleagues implied that COVID-19 vaccinations might be 
associated with the induction of autoimmune and autoinflammatory 
diseases [65]. Elsalti elaborated on the slight increase of myocarditis 
following COVID-19 mRNA vaccination, particularly among young 
males. The mRNA-1273 vaccine was shown to be associated with higher 
rates of myocarditis than the BNT162b2 vaccine. Nevertheless, in most 
of the cases the prognosis was good and cardiac function recovered well 
after a conservative therapy [66]. The involvement of hyperstimulation 
by the vaccine in the pathogenesis of myocarditis after mRNA vaccina-
tions was underlined during the presentation [67]. Furthermore, Zoubi 
highlighted the autoimmune neurological adverse events seen after 
BNT162b2 mRNA vaccine administration. Bell’s palsy was reported in 
this regard but concluded to have no major impact on public health [68]. 
In addition, a link between the ChAdOx1 vaccine and Guillain-Barre 
syndrome was postulated and requires further investigation, particu-
larly in terms of the pathogenesis [69]. Albuquerque presented 4 cases of 
autoimmune hemolytic anemia in older patients following vaccination 
with mRNA COVID-19 vaccine and emphasized the importance of early 
monitoring of blood counts and markers [70,71]. 

Respecting drugs used in vaccinated individuals, it was shown that 
patients treated with B cell targeted therapies, especially rituximab, had 
lower rates of B cell response following COVID-19 vaccination, ac-
cording to Fabris and colleagues. On the other hand, T Cell response 
among the majority of the patients was similar to that in the control 
group [72]. Moreover, Milo showed that multiple sclerosis (MS) patients 
treated with fingolimod or ocrelizumab had a lower humoral response to 
the second and the third mRNA COVID-19 vaccination compared to 
other disease-modifying therapies for MS. Patients who underwent fin-
golimod therapy had a diminished cellular response as well [73]. 

5.3. Post-COVID or long COVID 

Some of the associations put on spotlight at AUTO13 were the ones in 
relation to Post-COVID syndrome which were explored in a dedicated 
session. Seida I. outlined an overview of the symptoms affecting various 
organ systems in Post-COVID syndrome [74]. The symptoms range from 
cough, chest pain, and dyspnea in the respiratory system, to neurological 
symptoms such as headache, difficulties in concentration, sleep disor-
ders, and memory loss. Seida I. also highlighted a couple of mechanisms 
with one of particular interest to autoimmunity is the cytokine storm 
phenomenon which is characterized by a massive and disproportionate 
release of cytokines including IL 1, 6, 8, 17, and 1β, MCP1 and TNF. 
Cytokine storm and subsequent multiple organ failure have been 
addressed before in relation to SARS-CoV-2 infection [75]. Autoanti-
bodies role in Post-COVID was a favorite among presenters with many 
trying to chart through their relationship [76]. Lassner and colleagues 
identified autoreactive antibodies in Long-COVID patients using engine 
healthy alignment. The study screened human sera of 20 healthy donors 
and patients with history of SARS-CoV-2 infection alongside long-term 
clinical symptoms utilizing engine array 1008 (15.000 human pro-
teins; expression host: E. coli), to contrast autoantibodies in healthy 
individuals to SARS-CoV-2-induced autoantibodies. Anti-human-IgG-AP 
secondary antibody was used for detection. Positive signals were 
confirmed if duplicated signals were differentiable from background. 
Lassner emphasized that the presence of a reliable reference cohort is 
vital for successful identification of disease related autoantibodies. 
Among the talks about autoantibodies, some presenters focused on 
identifying certain antibodies of interest. Falk analyzed 32 healthcare 
workers with long term symptoms utilizing two sets of in-house devel-
oped planar protein arrays (untargeted array contains 42000 protein 
fragments representing 18000 human proteins. targeted array contains 

1500 full-length extracellular or secreted proteins). Falk found 150 au-
toantibodies in the untargeted array and 130 in the targeted array, with 
20 autoantibodies overlapping between the two groups. The most 
common antibody was anti-CFHR2 which was identified in 6/8 symp-
tom groups. Cabral-Marques identified anti-GPCR autoantibodies tar-
geting the chemokine receptors CXCR3 and RAS-related molecule 
AGTR1 (as having the strongest relationship to severe COVID-19 by 
comparing serum autoantibody levels of COVID-19 patients to healthy 
controls [54]. Given the large magnitude of associations between Post- 
COVID and autoimmunity some other relationships were explored that 
do not directly pertain to autoantibodies. Plaça showcased the overlap in 
immunological signaling pathways between COVID-19 and hemopha-
gocytic lymphohistiocytosis (HLH) [77]. This reflected on the fact that a 
common dysregulated neutrophil-associated gene signature reflected a 
generalized hyperinflammatory states and associated with COVID-19 
severity [78]. Finally, Kasperkiewicz in a systemic literature review 
emphasized that awareness of rare post-COVID-vaccine autoimmune 
bullous disease (AIBD) could prove vital to the patients management. 
Kasperkiewicz found that among 932 immunized individuals 5.7% 
presented with new onset AIBD, another 9.7% had AIBD flares 1 day to 6 
weeks following the 1st or 2nd dose of the vaccine [79]. 

6. Autoimmune and Rheumatic diseases during AUTO13: 
(diseases 1–9) 

6.1. Antiphospholipid syndrome 

During AUTO13, the innovations in understanding and management 
of antiphospholipid syndrome (APS) caught a special attention. Since 
the presence and levels of antiphospholipid antibodies (aPL) have 
important role, Sciascia et al designed a study to test the hypothesis that 
high titers of aPL remain positive in time whereas low titers fluctuate. In 
their study, the researchers also evaluated the correlation between aPL 
and platelet bound C4d (PC4d) due to their association with thrombosis 
in SLE [80]. Antiphospholipid antibodies such as anti-cardiolipin, anti- 
ß2 glycoprotein I, antiphosphatidylserine/prothrombin complex anti-
bodies, and PC4d were measured in consecutive samples for 5 years 
period. According to the analysis, high titers of aPL remained positive 
progressively, a finding that may help in early diagnosis and risk 
assessment. Moreover, since low to moderate correlation between aPL 
and PC4d was established, it may be used in evaluating the association 
with thrombosis in autoimmune diseases as an additive value. In the 
same manner, Cabrera-Marante and friends investigated the role of the 
non-criteria antiphospholipid antibodies in APS and their possible 
importance in patients negative for antiphospholipid antibodies of the 
Sydney consensus and lupus anticoagulant. The authors also included 
the differential clinical conditions of isolated positive patients for non- 
criteria aPL. A total of 838 patients who met the clinical APS classifi-
cation criteria were evaluated for anti-PS/PT, IgA anti-ß2 glycoprotein I, 
aPL, and LA. Of the individuals enrolled, 314 were positive for at least 
one aPL, 137 met Sydney criteria, whereas 50 had anti-PS/PT, 71 had 
IgA anti-ß2GPI, and 54 had LA. The group concluded that non-criteria 
aPL might help in APS diagnosis and those with both LA and anti-PS/ 
PT were found to have clearly different clinical characteristics [81]. 
Furthermore, Naranjo et al aimed to evaluate the association between 
circulating immune complexes (CIC), which are formed by ß2GPI and 
anti-ß2GPI, and APS related characteristics, since it is not included in the 
classification criteria of APS. In a multicentric study conducted by the 
group, 303 patients who met APS classification criteria were assessed for 
the presence of ß2-CIC alongside clinical characteristics and biomarkers 
relevant to disease activity. Interestingly, patients with ß2-CIC and 
thrombotic APS were found to be at higher risk of heart valve thickening 
and dysfunction, and thrombocytopenia compared to ß2-CIC negative 
patients and ß2-CIC positive patients with isolated gestational APS. As a 
result, the authors pointed out that ß2-CIC could serve as a possible 
biomarker for APS disease activity [82]. Moschetti retrospectively 
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examined a cohort of 415 consecutive patients with the diagnosis of 
thrombotic APS at four European centers. The study compared APL 
positivity in those who experiences both arterial and venous events 
verses those who did not and found out more triple aPL positivity in 
those who experienced it (65%) against those did not (39%) [83]. 

As the differential diagnosis of anti-lipid autoimmune diseases is 
challenging, a need of novel tissue-specific autoantibodies is urgent. 
Guerra-Galan et al conducted a study aimed to determine the incidence 
of myelin basic protein (MBP) antibodies on peripheral nerve and 
antiphospholipid antibodies in the serum of patients with neurological 
diseases. In their study, blood and nerve specimens from 77 patients 
with suspected neurological disorders were tested. Out of 77 patients, 27 
were found to have positive MBP antibodies. In addition, 8 of the 27 
patients had also positive aPL which were dominantly IgM and anti-ß2- 
glycoprotein. As antibodies against MBP have been formerly studied 
[84,85], their clinical and prognostic implications in neurological dis-
ease and APS is still to be determined. 

In regard to COVID-19 and APS, both disease share many similarities 
in terms of vascular thrombosis and the presence of antiphospholipid 
antibodies. Gil Etayo et al conducted a prospective study over 360 
COVID-19 patients and 143 healthy volunteers as a reference group. 
Measurement of aPL, anti-ß2GPI IgA, anti-phosphatidylserine/ 
prothrombin IgG/M, and anti-SARS-CoV-2 antibodies was performed 
at the acute phase of COVID-19 and more than 12 weeks later. A sig-
nificant difference in prevalence of aPL in COVID-19 patients and 
reference group was not observed however, the presence of aPL was 
found to be related to thrombosis. The aPL related thrombosis was 
detected considerably later than non-aPL-related thrombosis in COVID- 
19 patients. The authors concluded that at least two overlapping 
mechanisms in COVID-19 thrombosis could exist, one is the cytokine- 
storm related seen earlier and the second is aPL-related thrombosis 
found later in the disease course [86]. Moreover, COVID-19 patients 
with lung and systemic involvement presented with coagulation ab-
normalities such as increased D-dimer levels and prolonged prothrom-
bin time as was highlighted by Cervera and colleagues. Even though 
patients are at increased risk of thromboembolic events; the incidence of 
such events are underestimated because of asymptomatic presentation 
and the inability to perform proper imaging [87]. In most of the au-
topsies performed to date, thrombotic microangiopathy has been 
detected as pulmonary thromboembolism and deep vein thrombosis. 
Cervera indicated that although this hypercoagulability state resembles 
APS and up to 87.7% of severe COVID-19 patients in intensive care unit 
(ICU) are found to have lupus anticoagulant in their bloods, presence of 
antiphospholipid antibodies and other related molecules have not been 
determined. For instance, patients with normal Beta2GPI did not suffer 
from respiratory failure neither had an increase mortality rate. The lack 
of Beta2GPI would interfere with regulatory function of coagulation and 
platelet aggregation, which makes it hard for patients to control 
thrombotic storm. Despite the fact that autoantibody involvement has 
not been proved, the situation would be said to resemble APS [88]. 

Presenting the target therapies in APS, Sciascia stated that while the 
therapeutic options for APS nowadays are restricted to long term anti-
coagulation with vitamin K antagonists; new potential targets which are 
under investigation would be promising in the future. However, the 
presenter also addressed the challenges in designing prospective ran-
domized controlled clinical trials needed for the assimilation of these 
therapies to clinical practice [89]. In the same regard of treatment, and 
due to the disadvantages of long-term anticoagulant therapy, manifested 
as catastrophic APS (CAPS) and the so-called "non-criteria manifesta-
tions" (thrombocytopenia and autoimmune anemia); physicians were 
encouraged to search for possible disease modifying drugs. Since Doria 
et al reported that some of the SLE patients with APS on combined 
immunosuppressive therapy became antiphospholipid antibody nega-
tive, immunosuppressants were studied for this aim [90]. 

Tincani mentioned that hydroxychloroquine, with known antith-
rombotic effect, was found to decrease aPL levels significantly, but only 

in long term use. Moreover, belimumab was also shown to decrease aPL 
levels in SLE patients when used for the same period. As demonstrated in 
some case reports, rituximab was effective in persistent aPL associated 
with thrombocytopenia. In case of CAPS and microangiopathies related 
to aPL, the use of corticosteroids and immunosuppressants is recom-
mended in guidelines. Lastly, inhibition of complement system by ecu-
lizumab and inhibition of mTOR pathway by sirolimus were suggested 
by experimental data and some clinical reports [91]. 

6.2. Systemic lupus erythematosus 

Regulatory B cells (Bregs) have important features in both preven-
tion and cure of many inflammatory and autoimmune diseases by 
regulating the proliferation of T cells and producing IL-10 for proin-
flammatory Th1 polarization. Since impairment of Bregs was observed 
in SLE, Jamin et al stated that treatment targeting Breg cells manage-
ment have a great potential of effectiveness in SLE. In their study, the 
group explored glatiramer acetate (GA), a synthetic polypeptide used in 
inflammatory conditions and autoimmune diseases, which was found to 
stimulate healthy Bregs to reproduce and produce IL-10. Furthermore, B 
memory cells, which are the ones that GA binds preferentially, increase 
GA-dependent increased Breg cell activities. In conclusion, drugs such as 
GA may be useful as a therapeutic agent for SLE treatment [92]. Simi-
larly, and as 6-sulfoLacNAc+ monocytes (SlanMos) are known as 
proinflammatory nonclassical monocytes involved in SLE [93]. Their 
dysfunction and recruitment to the inflammation site in SLE patients 
were reported by Schäkel and colleagues [94]. In the study of Alvarez et 
al, the authors found that encapsulated itacitinib in nanoparticles lowers 
the number of circulating SlanMo specifically suggesting that targeting 
SlanMos by nanoparticles would be of great potential for the treatment 
of SLE. 

Recently the prognosis of SLE has improved due to the consistent use 
of immunosuppressive agents, better diagnostics, and milder disease 
detection. However, lack of suitable biomarkers indicating various 
pathophysiological processes and the intervention needed makes it 
difficult to medical community to figure out a personalized therapy for 
SLE patients. Moreover, the heterogenicity of SLE leads to less successful 
studies, strengthening the fact that “treat the target” approach is 
required to standardize treatment goals and identify the differences 
between patients [95]. All the aspects mentioned were presented by 
Schneider. The presenter also illustrated how remission of the disease is 
related to better quality of life, less pain, and less damage according to 
analyses of different studies from all over the world. 

In some of the autoimmune diseases, the presence of naturally 
occurring autoantibodies to components of autophagy process is iden-
tified. Since their specificity, potential pathological features, and their 
relationship with clinical outcomes remains unclear, Muller et al 
investigated IgG autoantibodies which react with a group of cytoplasmic 
endosomal and lysosomal antigens and individual heat-shock proteins. 
The involvement of autoantibodies affecting autophagy process, which 
is abnormally increased in SLE, was observed in the study. Based on that, 
new connection between autophagy dysregulation and pathophysiology 
of lupus could be established [96]. Dysregulation in N-glycosylation of 
proteins in SLE and its relationship with pro-inflammatory immune re-
action were discussed by Alves and friends. The samples of human 
kidney biopsies of lupus nephritis patients were collected and assessed 
for the alteration of glycosylation. Alves stated that lupus nephritis 
samples demonstrated unique mannose-enriched glycosylation pattern. 
The studied pattern is found typically in lower organisms and could be 
used as a predictor of chronic kidney disease with a specificity of 93%. 
Moreover, increased number of a specific T cell subsets was detected in 
vitro, found to sense glycosylated antigens, exerting its pathogenic ac-
tivity [97]. The correlation of SLE with atherosclerosis was presented by 
Amital and colleagues. SLE patients were shown to pose higher risk to 
develop atherosclerosis [98]. Therefore, Shumilova et al designed a 
study to assess the association between serum atherogenicity of SLE 
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patients, disease activity and corticosteroid administration. According 
to the results, high atherogenic possibility was found in 90% of SLE 
patients compared to only 15% of the control group. The authors 
pointed out that serum atherogenicity in the group receiving cortico-
steroids were lower than in the non-corticosteroid group. In regard to 
SLE treatment, Putterman also discussed itolizumab in SLE in a phase 1B 
study and concluded that two subcutaneous doses of itolizumab up to 
2.4 mg/kg SC were well tolerated, while the 3.2 mg/kg group had poorer 
tolerability, with 50% of patients discontinuing after the first dosage. A 
clinical trial conducted by Putterman and colleagues concluded that the 
drug appears to be safe and well-tolerated at a dosage of 0.4 mg/kg 
throughout a 4-week treatment period, according to data from the first 
cohort of patients. 

Concerning lupus nephritis (LN), Putterman argued that soluble 
urine ALCAM reflects longitudinal renal disease activity in LN via 
obtaining serum and urine samples from patients with lupus nephritis 
and living kidney donor controls. Urinary ALCAM levels were substan-
tially higher in LN patients (mean 4333.5 pg/mL) than in controls (mean 
214.4 pg/mL), while serum ALCAM levels were not different. CD6 levels 
in the blood and urine did not alter as the illness progressed, indicating 
that the discrepancies were not attributable to hemodynamic changes or 
glomerular permeability loss. This means that urinary ALCAM levels are 
elevated in SLE patients with active LN and decline with clinical 
improvement [99]. These findings are consistent with the previous 
findings of the author [100]. In addition, state of the art on therapies 
used in LN management was presented by Roccatello. The presenter 
illustrated the current regimens used in the treatment of lupus nephritis 
starting with mycophenolate mofetil (MMF) and intravenous cyclo-
phosphamide (CYC) but also mentioned the lack of robust treatment 
guidelines for refractory lupus nephritis. The challenges such as 
inducing the remission and reducing the steroid use in the treatment of 
the disease, which is present in more than 40% of the patients, were 
discussed as well [101,102]. A novel therapy, Intensified B-Cell Deple-
tion Protocol (IBCDT) has shown promising results equal to the previ-
ously mentioned regimens with an additional advantage of significant 
decrease of glucocorticoid cumulative dose [103]. Despite the disap-
pointing results of previous randomized controlled trials; IBCDT seems 
to serve as a new option for patient with severe disease [104]. In addi-
tion, the author addressed the challenges in treating refractory LN 
(RLN). Several drugs and therapies have been suggested such as B cell 
modulating therapies, proteasome inhibitors and calcineurin inhibitors 
[103]. Another promising approach, B cell depleting agents, such as 
obinutuzumab, showed increased renal response when it is used with the 
other standard of care drugs like mycophenolate mofetil [105]. Ritux-
imab, another B cell depleting agent, is reported to decrease the prob-
ability of relapse even with patients are not on ongoing 
immunosuppressive treatment [106]. The newly stood out monoclonal 
antibody daratumumab, which influences cell adhesion and signal 
transduction in many immune cells via CD38 glycoprotein was discussed 
by the author [107]. 

6.3. Rheumatoid arthritis 

As an innovative filed in medicine, machine learning was success-
fully implemented in RA as well. For instance, while RA is often diag-
nosed in late stages after irreversible joint damage has occurred, 
Shovman et al used machine learning tool to create an algorithm called 
PredictAI™ that can detect possible missed diagnosis of RA by the 
clinician. Out of the 2.5 million electronic records that were obtained 
from the Maccabi Healthcare Services in Israel, 340 cases were diag-
nosed with RA, by which the AI was able to identify 181 patients 1 year 
prior to the diagnosis made by the clinicians. Actually, the use of ma-
chine learning in other areas of RA such as predicting response to 
treatment and predicting remissions following biologic DMARDs have 
been described [108,109]. Furthermore, the so-called, the triad for 
developing RA: HLA-DRB1 stared epitope, a low educational level, and 

Prevotella was presented by Renaudineau. A total of 54 patients with RA 
and 31 controls were selected from the Tatarstan’s cohort and tested for 
gut microbiota by 16S rRNA. The analysis of RA-associated factor 
included HLA locus variability (HLA-A/B/C/DQ and DRB1), cytokine 
polymorphism, haplomitotype determination, and a large panel of 
environmental factors. Prevotella spp. were overexpanded in stool sam-
ples from low educated individuals and among them HLA-DRB1-SE 
represented a risk factor for RA, the study illustrated. The contribution 
of oral and gut microbial species to the pathogenesis of RA was previ-
ously demonstrated [110]. The potential pathogenetic role of tetraspa-
nin32 (TSPAN32), a member of the tetraspanin family, which is actively 
involved in the regulation of the immune responses in RA was discussed 
by Fagone. The presenter evaluated the TSPAN32 expression levels in 
circulating and synovial-infiltrating immune cells from RA patients as 
well as in immune cells from the IL1ra knockout (KO) animal, a mouse 
model of RA. At 1 and 4 months of age, splenic CD4+ T cells from IL1ra 
KO mice showed substantially less TSPAN32 expression. The remaining 
tetraspanin, however, showed no apparent modulation, with the 
exception of TSPAN4 and TSPAN31, which demonstrated a substantial 
increase in comparison to the wild-type mice. In addition, a significant 
downregulation of TSPAN32 was seen in the inflammatory HLA- 
DR+CD27- cells from RA patients compared to those with osteoarthritis. 
Lower expression of TSPAN32 in RA patients could help to initiate the 
arthritogenic immune responses, the results were concluded. Aspects of 
tetraspanin in RA were addressed before [111]. The role of antibodies 
against the fibrillar cartilage collagen type II (anti-CII) in RA was illus-
trated by Rönnelid. Levels of anti-CII in RA patients were shown to be 
high at the time of diagnosis and decrease thereafter during the first 
year. In addition, anti-CII-containing immune complex (IC) was found to 
induce the inflammatory cytokines. In another study, RA patients anti- 
CII-positive were presented as a distinct phenotype that, in many as-
pects, behaves differently from RA linked with ACPA in terms of clinical 
prognosis, HLA-DRB1* association, and relation to smoking history 
[112]. In contrast to the high disease activity at diagnosis, anti-CII- 
positive RA patients had an abrupt onset of the disease and a favor-
able prognosis. This raises the possibility that early detection of anti-CII, 
along with concurrent clinical signs of increased disease activity, may be 
linked to a transient inflammatory phenotype, given that anti-CII levels 
decline over the course of the first year [113]. Edwards explored the 
connections between brain and RA. It is well document that RA is not 
just a synovial joint disease rather it is a systemic disease with multi- 
extra articular involvements including the cardiovascular and respira-
tory systems, cognitive function, and other organ systems [114]. The 
recently discovered connection between RA patients and increased risk 
of brain related pathology, including stroke, dementia, and cognitive 
function also the positive outcomes of antirheumatic drug treatments 
have been mentioned by the author [115]. This connection could be 
used as a guide to discover the effects of chronic inflammation on de-
mentia and cardiovascular disease, the authors suggested [116]. Van-
dormael discussed the novel antibody biomarkers that predicts absence 
of early and sustained disease remission and low disease activity after 
intensive first line therapy in RA. Participants in the CareRA study who 
failed to achieve early DAS28CRP remission following rigorous 
csDMARD treatment had their baseline serum tested for antibody reac-
tivity to cDNA phage display libraries producing RA synovial antigens. 
In 179 baseline CareRA samples, the presence of antibodies to the 
identified University Hasselt, RA antigens was confirmed by ELISA and 
was linked with various criteria for remission during follow-up. Ac-
cording to the research, patients who did not achieve DAS28CRP or 
DAS28ESR remission at week 8, or who did not meet the criteria for RA 
had baseline antibody reactivity against 3 antigens, UH-RA.305, UH- 
RA.318 and UH-RA.329, which was significantly higher than that of RA 
patients who met these criteria. In patients who did not maintain pro-
longed illness remission, baseline antibody reactivity against the UH- 
RA.305/318/329 antigens was substantially greater. The authors 
discovered 3 antibody biomarkers that indicate a lack of response to 
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first-line RA medication which may help guide medical treatment 
choices. In the same regard of novel biomarkers, Heiss and colleagues 
presented their study on biomarkers of seronegative early RA. The au-
thors used high-density peptide microarrays with many autoantigens 
and potential antigens transformed into >100.000 overlapping peptides, 
including all citrullinated and carbamylated variations, searching for 
new biomarkers. Many epitopes with a greater incidence in previously 
seronegative early-stage patients were identified. A peptide biomarker 
combination created by bioinformatic analysis and machine learning 
enabled for the accurate identification of early seronegative RA vs. 
healthy controls with 87% sensitivity and early seropositive RA vs. 
healthy controls with 94% sensitivity, respectively. Hence, the novel 
marker set has the potential to improve the early diagnosis of RA. 
Actually, the role of biomarkers in RA, particularly in decreasing false- 
negative results and aiding in the correct diagnosis of seronegative RA 
is of extreme importance [117]. Finally, Abali and friends investigated 
the rate of infections alongside the most common infectious side effects 
of baricitinib, a Jake kinase 1 and 2 inhibitor, used in the treatment of 
RA. The authors demonstrated that oral herpes together with herpes 
zoster were the most commonly encountered infections. A correlation 
was also found with higher doses of baricitinib. The immunomodulatory 
effect of baricitinib including cytokine effects on immune cells and the 
inhibition of numerous growth factors and cytokines such as IL-2, sup-
pressing both innate and adaptive immune responses, were suggested as 
the most comprehensive mechanisms behind such side effects 
[118,119]. 

6.4. Systemic sclerosis 

In addition to RA, biomarkers in systemic sclerosis (SSc) were 
addressed by Norman on their study about the comparative prevalence 
of 20 biomarkers simultaneously measured in Chinese and European 
systemic sclerosis patients using particle-based multi-analyte technol-
ogy. The sera of 198 Italian and 266 Chinese SSc patients were examined 
by PMAT for autoantibodies to 20 autoantigens. The frequency of novel 
biomarkers such BICD2, was infrequently found in Chinese patients 
compared to European patients and confirmed earlier studies of greater 
prevalence of antibodies to RNP, Scl-70, and lower prevalence of ACA in 
Chinese SSc patients. Furthermore, biomarkers which can be used in 
diagnosis and prognosis of SSc take an important place in clinical 
research. It is documented that 90–95% of systemic sclerosis patients are 
positive for antinuclear autoantibodies (ANA) [120]. However, the 
sensitivity of ANA tests and presence of other autoantibodies in ANA 
negative SSc patients have been questioned. De La Cruz Trillo et al 
aimed to evaluate SSc patients who have tested negative for all auto-
antibodies by available commercial assay (LIA). A total of 293 patients 
were tested in terms of the presence of autoantibodies against topo-
isomerase I, centromere, RNA polymerase III, fibrillarin, NOR-90, Th/ 
To, Pm-Scl, and Ku by LIA. From the patients examined, 69 patients were 
found to have negative antibodies by LIA and were further evaluated by 
using the gold-standard assay RNA immunoprecipitation (RNA- IP). Six 
of the seronegative patients (8.7%) were found to have anti-Th/To au-
toantibodies despite LIA pointing out the opposite. The authors tested 
ANAs in all patients by immunofluorescence (IIF). According to IIF re-
sults, a nucleolar pattern was detected in 16 (23.2%) of the seronegative 
patients. Interestingly, anti-Th/To were detected by RNA-IP in 37.5% of 
the seronegative patients with nucleolar patterns. Thus, the sensitivity of 
anti-Th/To autoantibody by LIA was measured to be around 14.3% at 
most. The authors concluded that the presence of anti-Th/To autoanti-
bodies should be questioned in patients with a nucleolar IIF pattern even 
though they were negative by LIA. Another study for discovering new 
biomarkers of SSc was conducted by Geroldinger-Simic and colleagues. 
The authors performed a proteome-wide screening on sample pools of 
SSc patients to identify new biomarkers for detecting early fibrosis. A 
targeted antigen bead array was conducted to test the reactivity of the 
selected proteins with 55 SSc plasma samples and 52 matched controls. 

An increase in 8 fibrosis-associated autoantibodies in SSc patients 
compared to the control group was noticed. Among the autoantibodies 
isolated, 2 were suggested to be used as biomarkers for fibrosis in SSc 
patients, namely anti-phosphatidylinositol-5-phosphate 4-kinase type 2 
beta (anti-PIP42K2B) and anti-AKT Serine/Threonine Kinase 3 (anti- 
AKT3) antibodies [121]. Intense research not only for discovering new 
biomarkers but also revealing the association of identified biomarkers 
with the pathogenesis of SSc is being conducted. For instance, Lande and 
friends designed a study to reveal pathogenic properties and biomarker 
potential of the non-allelic variant of Chemokine (C-X-C motif) ligand 4 
(CXCL4). For a long time, it has been known that CXCL4 autoantibodies 
in patients with SSc are used as biomarkers for SSc progression [122]. In 
2018 Lande et al elucidated that nucleic acid complexes, formed by 
chemokine (C-X-C motif) ligand 4 (CXCL4) and DNA stimulate plasma-
cytoid dendritic cells (pDCs) to produce IFN-I [123]. Additionally, pre-
vious research showed that CXCL4-DNA complexes trigger B cells to 
become plasma cells secreting autoantibodies against CXCL4 [124]. 
Recently, the authors suggested that CXCL4-L1 which is formed by three 
amino acid substitutions in COOH-terminal of CXCL4 could become an 
SSc-autoantigen in long-lasting SSc. Most importantly, the authors 
demonstrated that anti-CXCL4 antibodies implement the interferogenic 
properties of CXCL4-DNA complexes on purified human pDCs forming a 
vicious circle in the pathogenesis of SSc mediated through CXCL4 [125]. 
Recently, autoantigens that trigger inflammation in SSc were questioned 
to be mutated cancer proteins due to the increasing association of sec-
ondary malignancies in SSc [126,127]. Gniadecki and colleagues 
analyzed skin biopsies from 8 patients with early progressive SSc with 
whole-exome sequencing to detect gene mutations. The authors found 
1997 genes that were mutated in at least two SSc patients. Among the 
mutated genes, 39 were cancer driver genes that take the role in DNA 
repair, genome stability, and chromosomal histone modifications. 
Interestingly, similar findings were described before [128]. In terms of 
treatment, the mechanisms and effects of ibrutinib, tyrosine kinase in-
hibitor, by inducing low affinity B cells for DNA-topoisomerase I in 
systemic sclerosis (SSc) was presented by Sakkas. Furthermore, the drug 
inhibited fibrosis in a mouse SSc model. Of importance, the induction of 
regulatory T cells with low-dose IL-2 administration and JAK/STAT 
pathway inhibition in SSc mice improved fibrosis. The findings doubt-
lessly suggest new potential therapeutic agents for SSc such as ibrutinib 
[129]. 

6.5. Sjogren’s syndrome 

In a cross-sectional study through health maintenance organization 
(HMO) electronic records in Israel, Ben-Shabat investigated the linkage 
of anti-RO and anti-LA detected in Sjogren’s syndrome with cardiac 
arrhythmias. All participants who tested positive for anti-Ro/anti-La 
antibodies between the years 2002–2019 were included and compared 
to controls. The study, which included 17,231 anti-Ro/La seropositive 
subjects and 84,368 controls, found that anti-Ro seropositive patients 
had higher rates of conduction disturbances and rhythm disturbances, 
while patients who were only anti-LA positive did not show any signif-
icant association with cardiac arrhythmias. Another study demonstrated 
that the risk of long QT syndrome (LQTS) was significantly increased in 
subjects with circulating anti-Ro/SSA antibodies, regardless of a history 
of overt autoimmune disease, raising the intriguing possibility that these 
autoantibodies may contribute silently to a number of cases of ventric-
ular arrhythmias and cardiac arrest in the general population [130]. 
Additionally, maladaptive autophagy in the pathogenesis of autoim-
mune epithelitis in Sjogren’s syndrome via primary salivary gland 
epithelial cells (SGECs) isolated from minor salivary glands was dis-
cussed by Colafrancesco. SGECs are key cellular drivers in the patho-
genesis of Sjogren’s syndrome. The SGECs isolated from minor salivary 
glands of patients with Sjogren’s syndrome or sicca syndrome were 
evaluated by flow cemetery and immunofluorescence to assess auto-
phagy, apoptosis, and activation. Actually, the activation of SGECs and 
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the mirroring of histological severity in Sjogren’s syndrome by inflam-
mation was reported by the author [131]. The findings suggest that 
autophagy is a key player in the pathophysiology of Sjogren’s syndrome 
which would serve as a potential treatment target. Autophagy as a 
pathogenetic mechanism of autoimmune epithelitis was supported by 
another paper [132], enhancing the notion that, independent of the 
origin, metabolic changes of the targeted epithelial cells in Sjogren’s 
syndrome may induce an immunogenic phenotype. 

Coustal also discussed the overlap between Sjogren’s syndrome and 
ANCA-associated vasculitis (AAV). The study involved 40 patients from 
30 different articles, in addition to 4 new local patients. In individuals 
with granulomatosis with polyangiitis, AAV was most commonly asso-
ciated with renal involvement (35/44 patients, 79.5%), with anti-MPO 
antibodies being the most common. Raynaud phenomenon and related 
auto-immune illnesses were found to be considerably more common in 
the non-granulomatous AAV group [133]. Multiple other studies sup-
ported this claim, stating that AAV not uncommonly occurs with Sjog-
ren’s syndrome [134]. In the same topic of overlapping, Marketos and 
friends suggested the possibility of using SSc-specific autoantibodies in 
the diagnostic work-up and classification of Sjogren’s syndrome. While 
several studies suggested sicca symptoms are frequent manifestation of 
SSc [135,136], Marketos and friends investigated the presence of SSc- 
specific autoantibodies in patients with sicca symptoms. In their study, 
216 patients with sicca symptoms were tested for SSc-specific autoan-
tibodies such as PDGFR, Scl-70, Ku, Th/To, NOR90, RP11, fibrillarin, 
RP155, PM/Scl, and CENP. Around 20% the enrolled patients had 
increased titers of SSc-specific autoantibodies, whereas 23% had 
moderately elevated titers. In other words, more than 40% of the pa-
tients tested positive for SSc-specific autoantibodies in total. Further-
more, an association between high titers of SSc-specific autoantibodies 
and minor salivary glands (MSG) biopsy positivity was demonstrated. 
This result raised the possibility of using SSc-specific autoantibodies in 
the diagnostic work-up and classification of Sjogren’s syndrome [137]. 

6.6. Chronic fatigue and pain 

Characterized by widespread chronic pain along with fatigue, 
cognitive dysfunction and sleep disturbances, the etiology and patho-
genesis of fibromyalgia are not clearly defined [138,139]. The dorsal 
root ganglion (DRG) was proposed by Martinez-Lavin as the major site 
responsible for pain in patients with fibromyalgia by which stress con-
tributes to converting stressful impulses into neuropathic pain. More-
over, physical trauma and autoimmunity have also been linked to 
fibromyalgia through different mechanisms affecting DRGs. For 
instance, physical trauma in rodents caused nerve growth factor over-
expression inducing DRG sympathetic nerve sprouting leading to 
abnormal connections with the nociceptive system. The involvement of 
autoimmune mechanisms in fibromyalgia where the DRG neurons serve 
as a target for antigen specific antibodies and subsequent DRG inflam-
mation and pain has been extensively studied by the author [140]. 
Likewise, fatigue is experienced by 53–80% of patients with SLE and 
often one of the primary symptoms affecting the quality of life. The 
etiology of fatigue in SLE is believed to be multifactorial [141]. Aringer 
et al addressed fatigue in SLE and its relation to physical activity and the 
use of immunomodulatory drugs. In a study including 27 SLE patients, 
20 experienced fatigue which was improved by the use of belimumab. 
However, it took almost one year for 8 patients to report complete 
disappearance of fatigue. The effects of belimumab on fatigue in SLE 
patients was previously reported as well as physical activity, as patients 
who reported more physical activity had less fatigue than those who did 
not [142]. Furthermore, the difference in fatigue in female patients with 
rheumatic disease prior and after pregnancy was studied by Roussou and 
friends. Ten women with different rheumatic diseases were asked to 
grade their fatigue before pregnancy, during pregnancy, and throughout 
the course of their illness. Women with rheumatic diseases experienced 
an increase in fatigue by 26% during pregnancy. 

Worldwide, 20% of adults are estimated to have chronic pain with an 
additional 10% added each year [143]. Taking into consideration the 
unclear etiology, and the fact that patients do not respond to mono-
therapy, the burden of chronic pain related syndromes is continuously 
increasing [144]. The WHO-ICD 11 recently classified unexplained pains 
as chronic primary pain. Goebel and colleagues in an aim to search for 
the cause of unexplained chronic pain, identified autoantibodies in 4 
different chronic primary pains which are: complex regional pain syn-
drome (CRPS), fibromyalgia syndrome, chronic post-traumatic limb 
pain, and non-inflammatory joint pain associated with rheumatoid 
arthritis. Interestingly, the passive transfer of the autoantibodies iso-
lated from patients with the syndromes mentioned into mice caused 
various intensities of pain [145,146]. Similar findings were demon-
strated by the author in regard to fibromyalgia [147]. 

6.7. Vasculitis 

Vasculitides are no strangers to being discussed during the AUTO13 
due to its relation to autoimmunity and the increase incidence over the 
past two decades [148]. Considering the era of the COVID-19 pandemic 
many speakers highlighted the impact the pandemic had on vasculitis. 
Hocevar and colleagues contrasted systemic vasculitis diagnosis before 
and during the pandemic of COVID-19 at secondary/tertiary medical 
centers. The authors found similar frequencies in most vasculitis except 
ANCA-associated vasculitis which was diagnosed 3 folds more during 
the pandemic when compared to the frequency of diagnosis prior to that 
[149]. Similarly, Irure-Ventura retrospectively compared ANCA vascu-
litis cases in 2019 to 2021 at University Hospital Marqués de Valdecilla. 
The authors registered a total of 35 patients in 2021 compared to 15 in 
2019. In 2019, 73.3% of the patients had Anti-MBG, while only 13.3% 
had Anti-PR3 antibodies. In 2021, 45.7% and 42.9% presented anti- 
MPO and anti-PR3 antibodies, respectively. Irure-Ventura found that 
27 out of 35 patients (77.1%) developed ANCA after receiving SARS- 
CoV-2 vaccine, with 88.6% of the cases receiving the BNT162b2 vac-
cine, suggesting that the increase could be attributed to the vaccine 
[150]. In the same regard, Gragnani recruited cryoglobulinemic vascu-
litis (CV) patients at 11 Italian referral centers to understand the impact 
of the pandemic and vaccination on their disease course. CV diagnosis, 
clinical and serological parameters, COVID-19 tests, and vaccination 
immunogenicity were carried out in compliance with contemporary 
techniques. Four-hundred-thirty CV patients (130 M; mean age 70 
±10.96 years) were selected from February 2020 to October 2021. 
COVID-19 prevalence was found to be larger in CV patients compared to 
the Italian general population (p < 0.005). Around 87% had the vaccine 
administered and 50% received a booster dose. Disease flares/wors-
ening following the vaccination [151] were less frequent than those 
associated to COVID-19 (p = 0.0012). CV patients displaced worse 
vaccination immunogenicity compared to controls (p < 0.05), and 
higher no-response rate after the booster. In addition, the mortality was 
higher in COVID-19 patients in comparison to ones without (p < 0.01) 
and age higher than 60 years corelated with worse COVID-19 outcome. 
Gragnani found CV patients at a higher risk for developing COVID-19 
and more likely to have severe disease. Nevertheless, the author 
concluded that vaccines possessed good safety profiles in CV and the 
flares/side effects were lower in comparison to actual COVID-19 disease. 

Some authors highlighted new understandings of mechanisms 
involved in the pathogenesis of certain vasculitis. Cavalli investigated 
the role of Trained Immunity (TI) in Giant Cell Arteritis (GCA) by con-
trasting monocytes from a large cohort of GCA patients to age and sex 
matched healthy donors who underwent polyfunctional determinations. 
GCA monocytes exhibited molecular features of TI including typical 
metabolic changes (increased glycolysis and glutaminolysis through the 
TCA cycle), epigenetic alterations that promoted proinflammatory gene 
transcription, and enhanced IL-6 synthesis with inflammatory change. 
Immunohistochemistry displayed that GCA lesions serve as highly 
glycolytic microenvironments, and pharmacologic inhibition of 
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glycolysis with 2-deoxy-glucose lowered IL-6 production. The study 
emphasized the role of maladaptive trained immunity in the patho-
physiology of GCA [152]. 

Van Eeden contrasted patients suffering from MPO-ANCA with fa-
tigue to non-fatigued patients and healthy controls, by a study which 
looked at Mitochondrial gene expression (Dloop, ND4, CyB) via qPCR. 
Cell free mitochondrial DNA integrity was determined by qPCR. Flow 
Cytometry with Annexin V (AnV) and Propidium Iodide was utilized to 
assess cell death. Expression of ND4 and CyB was significantly lower in 
fatigued MPO-ANCA patients in comparison to healthy controls. The 
mtDNA integrity was increased in fatigued MPO-ANCA patients in 
relation to both healthy controls and non-fatigued MPO patients. Cell 
death evaluated by AnV mean fluorescent intensity was higher in 
fatigued MPO-AAV patients, than in non-fatigued patients and healthy 
controls. The results allowed Van Eeden to emphasize the correlation 
between AAV and comorbid myalgic encephalomyelitis/chronic fatigue 
syndrome and attributed it to mitochondrial signature affecting the 
electron transport chain resulting in mitochondrial dysregulation and 
increased cellular death [153]. 

De novo treatments were suggested for vasculitis during the session 
on vasculitis. Fenoglio examined clinical trials on the use of Avacopan 
(formerly known as CCX168), a CV5a receptor inhibitor, for the treat-
ment of ANCA-associated vasculitis. The assessment showcased safety 
over a sizable range of doses compared to glucocorticoid-based therapy. 
Moreover, when combined with cyclophosphamide or rituximab, Ava-
copan was similar in sustaining remission at 26 weeks and superior at 52 
weeks [154]. 

6.8. Myositis 

Holc demonstrated that Slovenian patients with idiopathic inflam-
matory myopathy (IIMs) had higher mortality rates compared to the 
general population in Slovenia during a 16-year observation period. The 
first year following diagnosis was characterized by 7 times higher 
mortality rate [155]. Vojinovic and colleagues found no close link be-
tween creatinine kinase (CK) levels, various types of IIM, and myositis- 
specific autoantibodies. However, some subtypes of dermatomyositis 
could be defined by histological differences [156]. According to Pedretti 
and colleagues the use of line blot has been useful in detecting previ-
ously undetected myositis-specific autoantibodies. The use of commer-
cial tests (line blot) for IIM may be useful in upgrading the diagnostic 
possibilities for the diseases, the authors concluded. Interestingly, as 
presented by Garcia- Bravo, myositis-associated autoantibodies occur-
rence varied between the years 2020 and 2021, possibly due to both 
SARS-CoV-2 infection and vaccination. For instance, anti-MDA5 was the 
most common antibody detected in 2020, while anti-PL7 was most 
common during 2021 [157,158]. In the same regard, case reports of 
anti-MDA5 antibody dermatomyositis after allogeneic hematopoietic 
stem cell transplantation have been described [159]. Urban described a 
63-year-old female patient with a history of acute myeloid leukemia. 
Though Graft-versus-Host Disease (GVHD) may be the reason for the 
autoantibodies detected, but primary dermatomyositis should be 
considered as well, the presenter suggested. 

The association between autoimmune diseases and pulmonology is 
not uncommon as the first manifestations of a connective tissue disease 
could be interstitial lung disease (ILD). Thus, a cooperation between 
pneumologists and rheumatologist is of great importance. Looking for 
myositis-specific (MSA) or myositis-associated autoantibodies (MAA) in 
ILD patients may be required. A study presented by Angeli showed that 
MSA/MAA were found in 37/84 sera (44%) in patients that had a 
pneumological diagnosis. 

6.9. Neurology and autoimmunity 

Autoimmunity manifests in the central nervous system in a plethora 
of different ways. Therapeutic targets in the CNS attracted the most 

attention among speakers. Milo discussed recent studies showing the 
vitality of utilizing high efficacy treatment early in multiple sclerosis 
disease course for reducing disability accumulation and improving the 
overall course of the disease [160]. Furthermore, Beckers examined the 
importance of B cells in multiple sclerosis by underlining the success of B 
cell depletion therapies. The authors highlighted the role of B-cells 
beyond antibody production, which is characterized by cytokine secre-
tion, and T-cell stimulation by antigen presentation and stimulation. A 
particular B-cell of interest was the IgD-CD27- double negative (DN) B 
which were shown to be elevated in the peripheral blood and CSF of MS 
patients. They potentially induced T-cell response and produced cyto-
kines such lymphotoxin-α and tumor necrosis factor-α DN B also to 
resemble mature class switched memory B cells as they expressed 
developmental markers (CD5, CD10, CD38) and Ig isotypes (IgM, IgA, 
IgG). DN B cells also expressed LFA-1, VLA-4, and ALCAM alongside 
chemokine receptors (CXCR3 and CXCR5) allowing migration to the 
CNS. Moreover, DN B showcased migration potential towards the pro- 
inflammatory chemokines C-X-C chemokine ligand (CXCL)10 (CXCR3 
ligand) and CXCL13 (CXCR5 ligand). T-box transcription factor T-bet 
expression was displayed in 22% of MS DN B cells [161]. This allowed 
Beckers to highlight the importance of research into utilizing these DN B 
cells as a potential target for novel therapies. Lazaridis examined the 
therapeutic potency of targeting human nAChR (thought to be the most 
targeted receptor in myasthenia gravis (MG)) α1 subunit extracellular 
domain (α1-ECD) in MG. The domain contains several MG T and B cell 
epitopes, using a mutated form of α1-ECD with increased solubility. The 
evaluation involved in vivo studies in a rat experimental autoimmune 
MG (EAMG) animal model, induced by immunization with the α1-ECD 
providing suitability for testing antigen-specific treatments. Intravenous 
treatment with α1-ECD resulted in sizably decreased experimental 
autoimmune myasthenia gravis symptoms in a dose and time dependent 
manner. The restoration of tolerance against certain autoantigens as an 
exciting prospect in treating MG was emphasized [162]. Moreover, 
Bruttel utilized activation induced marker (AIM) bios to induce human 
AQP4-specific regulatory T-cells which served to prevent neuro-
inflammatory disease, this allowed the study to highlight the importance 
of Aquaporin-4-specific AIM Bios in targeted immunosuppression in 
neuromyelitis optica spectrum disorders [163]. 

Interestingly, Einstein found that physical exercise modulates 
encephalitogenic T-cell responses allowing it to modify the pathophys-
iology of autoimmune diseases in the CNS. Physical exercise was also 
suggested to be involved in neuroprotective mechanisms. The impor-
tance of researching the optimization of physical exercise to achieve 
neuroprotection [164], was concluded by the author. Song examined the 
role of hydroxyfasudil (HF) on oxidative stress in experimental auto-
immune encephalomyelitis (EAE) mice and its possible mechanisms. 
The study found no changes in BV2 cell viability with HF concentration 
of 0–15 μg/ml. HF lowered the clinical scores of EAE mice, improved the 
inflammation and demyelination of spinal cords, decreased oxidation 
products ROS, RNS and MDA, increased antioxidant enzymes SOD, CAT 
and GSHPx, and increased the expression of Nrf2 and HO-1 in spinal 
cords of mice. Song concluded that HF alleviated the pathology and 
clinical symptoms of EAE mice. This improvement may be associated 
with the activation of the nrf2/HO-1 signaling pathway by HF, allowing 
HF to inhibit oxidative stress. Finally, Ma talked about the anti- 
inflammatory effect of Fasudil and its role in improving remyelination 
via astrocytic transformation to A2 phenotype, a mechanism which 
might be promising for multiple sclerosis patients [165]. 

From therapeutic targets to potential pathophysiologic mechanisms, 
some speakers underlined potential ways in which autoimmunity 
damages the CNS. Mortiz analyzed autoantibody profiles in patients 
with sensory neuronopathy (SNN) utilizing two protein arrays (Proto-
Array covering 7,634 human proteins for 38 SNN patients and 14 con-
trols (7 other neuropathies, 7 healthy controls [HC]); HuProt array 
covering 15,797 human proteins for 12 SNN and 31 controls (22 other 
neuropathies, 9 HC). The authors performed overrepresentation 
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analyses (Reactome database, PantherDB) and cytokine profiling (Bio- 
Plex ProTM Reagent Kit III). SNN sera was found to be associated with 
far more proteins of the immune system pathways than the controls. 
These pathways included the innate and adaptive immune systems 
alongside cytokine signaling system. Anti-FGFR3-positive [166] patients 
were more reactive with immune system proteins than anti-FGFR3- 
negative patients, in relation the numbers of both targeted proteins 
and overrepresented pathways. IFN alpha-2 and TNF alpha levels were 
higher in anti-FGFR3-negative than in -positive patients. 

7. Pregnancy and pediatrics during AUTO13 

7.1. Pregnancy and autoimmunity 

During pregnancy, patients with autoimmune rheumatic diseases 
often refuse treatment since they think drug administration would cause 
any damage to their future babies, Tincani reported. Moreover, there are 
evidence showing that disease activity in pregnancy could cause an in-
crease in both fetal and maternal complications as demonstrated by 
Mecacci et al [167]. While only some drugs such as methotrexate, 
cyclophosphamide, and mycophenolate have teratogenic activities; 
their use in pregnancy is limited and most of the therapeutic agents used 
in autoimmune rheumatic diseases do not cause any malformations but 
may have few pregnancy complications [168]. Systemic autoimmune 
thrombosis and APS may lead to miscarriages and abortions still these 
diseases are originally treatable, as reported by Galarza-Maldonado. 
According to EULAR recommendations, management of APS can be 
divided in three groups: low doses of aspirin, low-molecular-weight 
heparin and in some cases, systemic glucocorticoids and intravenous 
immunoglobulins [169]. During personalized selection of treatment 
options, inflammatory autoimmune mechanism of APS and anti- 
inflammatory and immunomodulatory actions of drug should be 
considered, the presenter concluded. During pregnancy as well, pre-
eclampsia, hypertension, and proteinuria, starting from the second half 
of the pregnancy, is a complication which is thought that various com-
plement factors contribute to. Dijkstra and friends hypothesized that 
decreased C1q in vascular remodeling and Factor H (FH) or their dys-
regulation by autoantibodies may play a role in the pathogenesis of 
preeclampsia. Serum C1q and FH concentrations were higher in control 
pregnancies when compared to non-pregnant women. There has not 
been significant difference between control pregnancies and pre-
eclamptic pregnancies in term of serum C1q nevertheless, serum FH 
levels were found to be decreased in preeclamptic women as opposed to 
control pregnancies. Furthermore, there was no difference established in 
anti-C1q and anti-FH between control pregnancies and women with 
preeclampsia [170]. Antiphospholipid antibodies (aPL) are well- 
established factors that might lead to adverse pregnancy outcomes 
(APO) by which anti-thyroperoxidase antibodies (aTPO) may act as a 
risk factor [51,171]. Lini and colleagues searched for the contributory 
role of aTPO in aPL positive pregnant women. A total of 53 women 
confirmed for aPL positivity and aTPO status before the conception were 
followed-up for APO as well as thyroid function tests. No significant 
difference could be found between aTPO positive patients and negative 
ones in terms of APO frequencies in which individualized prophylactic 
treatment may play a role. Likewise, in terms of thyroid diseases, Carolis 
et al conducted a study to assess thyroiditis prevalence in pregnant pa-
tients with autoimmune diseases and pregnancy outcomes related to 
thyroiditis. The test for thyroid antibodies, anti-thyroid peroxidase an-
tibodies and anti-thyroglobulin antibodies, were performed in two 
groups of patients, control group of healthy pregnant women and 
pregnant women with autoimmune diseases. The positivity rate of 
thyroiditis in women with autoimmune diseases were 17.5%, though 
thyroiditis has been detected 5.5% of women in control group. The re-
sults suggested that thyroiditis in patients with connective tissue dis-
eases have more prevalent deleterious outcomes such as early delivery 
and low birth weight which was not the case among thyroiditis in SLE 

and APS women [172]. 
Another interesting domain during pregnancy, inborn stress 

vulnerability is claimed to lead to pathological consequences in the 
developing nervous system of the baby via triggering maternal immune 
activation (MIA) and modifying placental homeostasis [173,174]. Pin-
hasov and friends demonstrated that stress-vulnerability induces MIA 
and results in adverse consequences of developing nervous system of the 
fetus via affecting hypothalamic-pituitary-adrenal (HPA) axis. The au-
thors used mouse models of social dominance (Dom) and submissiveness 
(Sub) reflecting stress-vulnerable (Sub) and stress-resilient, respectively. 
The authors examined the response of two mice groups to the viral 
mimetic Poly(I:C). An exacerbated pro-and anti-inflammatory cytokine 
response in pregnant Sub mice compared to pregnant Dom mice was 
found. This result indicated that in Sub and Dom mice exhibited a dif-
ferential MIA response to virus. Then, the authors evaluated the 
offspring of the Sub and Dom mice in terms of neural system. prenatally 
Poly(I:C) exposed Sub and Dom offspring were challenged by NMDA 
receptor antagonist, MK-801 (0.5 mg/kg; i.p.). The results indicated that 
prenatally Poly(I:C) exposed Sub offspring showed increased sensitivity 
against an acute challenge with MK-801 compared to Dom offspring. 
Thus, the authors concluded that the inherited stress vulnerability may 
reprogram the glutamatergic signaling which can be further potentiated 
by prenatal viral exposure [175]. 

7.2. Pediatrics and autoimmunity 

As for childhood and autoimmunity, both have crossed paths in 
different forms and ways. An interesting study about effects of SSc in 
pregnancy and offspring of patients with SSc was presented. Pedretti and 
colleagues highlighted that although successful pregnancy rates among 
patients with SSc have been greatly improved, the outcome of children 
born to SSc mothers remains elusive [176]. The group aimed to evaluate 
the neuropsychiatric outcome of children whose mothers were diag-
nosed with SSc before or after pregnancy. The patient cohort consisted 
of 70 women who have given 108 live birth. The authors used the ad-hoc 
questionnaire to measure the neurodevelopment of children. Among 88 
children who continue the follow-up, 36% were reported to have at least 
one neuropsychiatric alteration. Moreover, children were classified into 
3 groups based on the onset of SSc in the mothers SSc: a. born >10 years 
before SSc onset; b. born within 10 years from SSc onset and; c. born 
after SSc onset. Results elucidated that neurodevelopment alteration 
was more common in children born to women within 10 years of SSc 
onset compared to other groups suggesting the effects of subclinical/ 
untreated maternal disease on the neurodevelopment of children. In 
addition, children from the same group had neurologic disorders 
occurring in early phases of life such as childhood and scholar age. In 
contrast, disorders in adolescence were more frequently encountered in 
those born to women after SSc was diagnosed. In addition, reduced 
peripheral basophils in pediatric patients with SLE, given by Poddighe 
opened the pediatric session. While it has been suggested that circu-
lating basophils can be reduced in adult SLE patients [177]; Poddighe 
and colleagues discussed the possibility this is also the case in the pe-
diatric population. In their study, 55 pediatric patients were evaluated, 
and the conclusion was that, when compared to children with another 
rheumatic disease or non-rheumatic chronic disorders, children with 
SLE demonstrated a statistically significant drop in basophil counts. 
However, the pathophysiological and clinical significance of the find-
ings were unclear; therefore, further clinical studies and multi- 
parametric analysis are required. Sepiashvili discussed the pediatric 
reference limits for 10 commonly measured autoimmune disease 
markers, where the CALIPER cohort for healthy children and adoles-
cents was used to support the interpretation. Anti-dsDNA (26/119; 
22%), anti-Sm (16/121; 13%), anti-RNP (1,120; 0.8%), anti-SSB/La (0/ 
120; 0%), anti-Ro60 (0/122, 0%), anti-Ro52 (0/121, 0%), anti- 
cardiolipin IgG (105/117, 90%), anti-MPO (29/118, 25%), and anti- 
PR3 (11/119, 9%), all 10 markers had pediatric reference limits and 

N. Mahroum et al.                                                                                                                                                                                                                              



Autoimmunity Reviews 21 (2022) 103166

12

associated 90% confidence intervals that were determined to be lower 
than the assay cut-offs of the manufacturer [178]. The establishment of 
robust pediatric reference limits for ten routinely used clinical autoim-
mune markers would allow for enhanced laboratory evaluation of 
children patients utilizing this assay platform throughout the world, was 
concluded by the author. Uziel showcased results of the effectiveness of 
the BNT162b2 mRNA COVID-19 vaccine among adolescents with 
autoimmune inflammatory rheumatic disease (AIIRD) by using a big 
dataset from the largest healthcare organization in Israel. In an obser-
vational cohort the BNT162b2 mRNA vaccine was found highly effective 
in adolescents with AIIRD, similar to healthy controls. The AIIRD group 
had a seropositivity rate of 97.3%, compared to 100% in the control 
group. Anti-S1/S2 antibody titers, on the other hand, were much lower 
in the AIIRD group, which was similar to adults with AIIRD [179]. 

8. ASIA during AUTO13 

The scientific evidence of the existence of ASIA was demonstrated by 
Cohen Tervaert. For instance, silicone incompatibility syndrome or 
breast implant illness which cause characteristic systemic adverse ef-
fects in almost one-quarter of women after the implantation, serve as a 
real-life evidence [180]. The author urged that in the future, the use of 
SBI should be replaced by using autologous material. Likewise, Halpert 
and colleagues shared their findings of an increased risk of autoimmune 
diseases in women with SBI [181]. Due to the fact that autoantibodies 
found were related to the autonomic nervous system, the authors 
introduced the term “autoimmune dysautonomia”. The levels of the 
autoantibodies were shown to have direct correlation with the symp-
toms seen in women with SBI such as depression, cognitive impairment, 
and sleep disturbances [182]. In the same regard, Burja et al presented a 
case report of a 35-year old female with a breast implant who had an 
adverse immune reaction to silicone. The course of the disease was 
exacerbated by COVID-19 vaccination eventually provoking vasculitis of 
granulomatosis with polyangiitis type. Another case report, described 
ASIA syndrome after silicone breast implant in a patient with familial 
history of autoimmune thyroiditis, was presented by Plasvsic et al. The 
authors recommended more precautious approach when considering 
silicone implants in such patients. Similarly, Churilov presented a year 
of follow-up over more than 100 female patients who had aesthetic/ 
reconstructive breast implants. By the end of the year there was an in-
crease in the number of patients that fulfilled the criteria for ASIA 
syndrome [183]. One of the measured autoantibodies was anti-TSHR, 
which was significantly elevated following the procedure. This was 
most probably attributed to its adjuvant effect in causing anti-thyroid 
autoimmunity and thus deeper consideration should be given to SBI, 
the author recommended. 

In addition to silicone, vaccines as well were correlated to the 
development of ASIA. Although mRNA-based vaccines are produced 
through a different technique than the conventional vaccines, autoim-
mune symptoms of ASIA have been reported in individuals vaccinated 
against COVID-19 [184]. The paper was presented by Jara and friends 
addressing ASIA following COVID-19 vaccination [185]. Despite the fact 
that vaccines benefits outweigh the risks of ASIA, the symptoms should 
be taken into consideration and furtherly investigated. 

The autonomic nervous systems alterations seen in patient with 
COVID-19 were discussed by Shoenfeld. Almost 20 autoantibodies, 
against GPCR molecules of the autonomic nervous system and renin- 
angiotensin-aldosterone system, related to the severity of the disease 
were identified [186]. Moreover, Shoenfeld explained how ASIA syn-
drome has prevailed in individuals following vaccination due to the use 
of adjuvants such as aluminum [187]. Shoenfeld addressed the mRNA 
vaccines developed against COVID-19 and used for the first time during 
the pandemic as a matter of indicating that better and safer methods of 
vaccine development could be found when large scale funds could be 
provided [188]. The famous say of Shoenfeld, which is the base of 
autoimmunity, “everything is autoimmune, until proven otherwise”, 

concluded the presentation [189]. Furthermore, autonomic dysfunction 
and small fiber neuropathy triggered by vaccination leading to post- 
vaccine syndrome in genetically susceptible patients, was discussed by 
Martinez-Lavin. The similarities seen in Post-HPV vaccination syndrome 
and other autoimmune illnesses such as macrophagic myofasciitis 
(MMF) and Gulf-War Illness, were highlighted by the author [190]. 

In an aim to expand our understanding and to aid in better diagnosis 
and treatment of autoimmune diseases, Mahroum and Shoenfeld pre-
sented their work on introducing a new encompassing term called 
“autoimmune autonomic dysfunction syndromes”. According to the 
authors and evidence presented, this umbrella term would give a 
comprehensive pathogenetic explanation to complex regional pain 
syndrome, fibromyalgia, chronic fatigue syndrome, silicone breast im-
plants related symptoms and post-COVID syndrome; all which share 
similar symptoms and course of pain [184]. 

9. Infection and autoimmunity during AUTO13 

The long and strong correlation between infections and autoimmu-
nity necessitated, as usual, a dedicated session for this important topic. 
At the beginning, an update on IVIG therapy in COVID-19 was delivered 
by Goddard-Zandman. It is well documented that IVIG is a useful, safe, 
off-label medication that can be used for long-term treatment for a 
number of autoimmune illnesses by which IVIG has been shown to 
reduce immune responses [191,192]. IVIG comes in a variety of formats 
such as specific IVIG (sIVIG), and subcutaneous IVIG (scIVIG). Recently, 
the use of IVIG, both sIVIG and scIVIG, in COVID-19 was suggested. IVIG 
therapy has shown to be effective to improve the outcomes of patients 
with severe COVID019, and also safe in pregnant women with COVID-19 
[193,194]. 

Alwani presented an update on streptococcal infection and autoim-
munity. Acute rheumatic fever (ARF), acute post-streptococcal glomer-
ulonephritis (APSGN), and pediatric autoimmune neuropsychiatric 
disease associated with streptococcal infection (PANDAS) as the auto-
immune sequelae of the group A streptococcal infection [195], were 
discussed. The presenter stressed the fact that the autoimmune mecha-
nism behind ARF could be viewed as the base for understanding infec-
tion and autoimmunity. Interestingly, patients with the streptococcal 
autoimmune sequelae co-infected with COVID-19 were shown to have 
more severe course of COVID-19. Furthermore, the correlation between 
ASIA and the 2 types of pneumococcal vaccine (namely PPSV23 and 
PCV13) was highlighted during the presentation. Likewise, the corre-
lation between parvovirus and autoimmunity was illustrated by Esirgun. 
Three significant facts serve as a basis for a potential connection with 
autoimmunity: 1. the production of parvovirus B19 viral protein- 
induced antibodies against self-antigens like cardiolipin, single- 
stranded DNA, keratin, and collagen type II, 2. the clinical similarities 
between parvovirus B19 infection and certain autoimmune diseases like 
SLE, and 3. the high prevalence of parvovirus B19 DNA as well as pos-
itive parvovirus B19 serological tests in patients with autoimmune dis-
eases. Nevertheless, the exact pathogenetic mechanisms behind this 
relation remains unclear. In this regard, Esrigun presented 3 proposed 
mechanisms for evoking the immune system to produce autoimmune 
phenomena namely, molecular mimicry, self-antigen presenting to T 
cells brought on by erythroblast apoptosis triggered by parvovirus B19, 
and phospholipase activity of the particular area of parvovirus B19 VP1 
protein. Autoimmune diseases caused by similar mechanisms, such as 
SLE, autoimmune-mediated heart diseases like myocarditis and dilated 
cardiomyopathy, as well as autoimmune hemolytic anemia were dis-
cussed. Unsurprisingly, a recent study showed that parvovirus is asso-
ciated with autoimmune thyroiditis [196]. 

Kiyak and colleagues introduced the role of ferritin in the autoim-
mune as well as inflammatory process until its recent role in the patients 
with severe COVID-19. The study served as a base for the extensive 
pathogenetic role ferritin has played and still in various pathological 
processes [56]. Later on, the central and critical role played by ferritin 
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from hyperferritinemia to COVID-19 was discussed by Alrais and col-
leagues. Ferritin is more than just a measure of the body iron levels, 
indeed. For instance, ferritin, which is also referred to as an acute phase 
reactant, is often raised in a number of infections as well as inflamma-
tory and autoimmune illnesses [56]. In fact, the term "hyperferritinemic 
syndrome" has been used to refer to four disorders where ferritin is a 
major pillar, adult-onset Still’s disease (AOSD), catastrophic anti-
phospholipid syndrome (cAPS), macrophage activation syndrome 
(MAS), and septic shock. Nevertheless, COVID-19 was shown to be a 
justified candidate for being the 5th member among the disorders listed 
under hyperferritinemic syndrome. The association between signifi-
cantly raised ferritin levels and COVID-19 severity and consequently the 
high mortality in these patients rate was highlighted as a base for the 
new membership [197]. 

Ilan and friends argued about whether 3-month period of Cognitive 
Behavioral and Mindfulness-Based Stress Reduction (COBMINDEX), 
which improved the wellbeing and inflammatory state of Crohn’s dis-
ease (CD) patients, may also affect the gut microbiome. The COBMIN-
DEX intervention, according to the results, showed a considerable 
impact on microbial diversity and its relationship to the inflammatory 
profile of CD patients. The associations between variations in the 
abundances of taxa unrelated to CD and inflammatory indicators sug-
gests potential microbial targets in CD. Therefore, the authors concluded 
that COBMINDEX has improved patients quality of life and reduced 
psychiatric symptoms and fatigue. Actually, patients with severe early 
psychological symptoms most benefited from COBMINDEX [198]. 

An update on HIV and autoimmunity was presented by Tocut. The 
range of documented autoimmune manifestations in HIV-infected in-
dividuals receiving antiretroviral treatment (ART) is indeed expanding. 
With the introduction of ART, rheumatic symptoms related to early HIV 
infection have diminished, but the prevalence of autoimmune disorders, 
mainly due to immune reconstitution inflammatory syndrome (IRIS) 
have grown [199]. Through an extensive review of medical literature 
published from 2002 to 2021 regarding HIV infection and autoimmu-
nity, various autoimmune disorders were documented including 
vasculitis, immune cytopenias, rheumatic diseases, SLE, APS, sarcoid-
osis, and thyroid diseases, among others [200,201]. 

In regard to COVID-19 and autoimmunity, Adiguzel showed that 
unlike the SARS-CoV-2 infection, the omicron variant 21K infection may 
cause autoimmune phenomena in people with the HLA-A*24:02 and 
HLA-B*15:01 alleles, whereas omicron 21L infection may be associated 
with autoimmunity in individuals with HLA-A*24:02 allele. Neverthe-
less, experimental research is still needed to validate these results. 

The association of metabolites with infectious and autoimmune 
diseases was presented by Tsoukalas. While autoimmune diseases (ADs) 
are the most common chronic inflammatory conditions characterized by 
the loss of self-tolerance, affecting 5–10% of the global population; 
metabolic complications and micronutrient deficiencies caused by di-
etary and lifestyle factors are common features of ADs. Targeting 
metabolic perturbations has emerged as promising approach in disease 
diagnosis and discovery of novel therapeutic targets. The advantage of 
this strategy is its ability to capture subtle but significant changes that 
drive disease pathogenesis as metabolic pressure presents before 
symptoms occur. For instance, insulin resistance, changes in the gut 
microbiota, weak antioxidant defenses, and decreased exposure to 
physiological germs—a process required for immune system matura-
tion- are all examples of metabolic imbalances that contribute to im-
mune function dysregulation. Furthermore, the identification of 
biomarkers using metabolomics has demonstrated a potential to 
improve clinical outcomes in patients with ADs by restoring nutritional 
shortages and reversing the metabolic state [202]. Similarly, new de-
velopments in studying ADs such as RA, SLE, and multiple sclerosis 
using metabolomics was reported recently [203]. 

10. Novelties in autoimmunity during AUTO13 

Mucous membrane pemphigoid (MMP) is a rare autoimmune disor-
der of the mucous membranes, including the oral cavity, conjunctivae, 
skin, genitalia, anus, and to a lesser degree the nasopharynx, esophagus, 
and larynx [204]. While upper airway involvement is known; lower 
airway involvement has not been described. Therefore, A. Razzaque and 
colleagues proposed a new disease entity called “pulmonary pemphi-
goid”. In an extensive literature search a total of 11 patients with MMP 
involving the lower airways were found. At median age of 20, the 
mortality rate was 45%. Therefore, early diagnosis and management 
would definitely lead to a better outcome. The findings presented by the 
authors were supported by several articles in the medical literature 
[205–207]. 

While non-caseating granulomas occur in different organs but most 
commonly in the lungs, eye involvement is well documented in 
sarcoidosis [208]; the cause of uveitis in sarcoidosis is not known. 
Schrijver and friends investigated whether autoimmunity plays a role in 
the development of uveitis in sarcoidosis. Out of 91 sarcoidosis patients, 
46 had uveitis with significantly higher serum anti-retinal antibodies 
(ARA). The association between serum ARA and sarcoid uveitis has not 
been reported before. This finding was supported by a correlation be-
tween sarcoid uveitis and specific TCR/BCR clonotypes. Actually, in a 
study concerning the presence of ARA, sarcoidosis was found among the 
enrollees [209]. 

Koneczny and colleagues suggested that IgG4 autoimmune disease 
(IgG4-AID) and IgG4 related disease (IgG4-RLD) are distinct diseases. 
IgG4-RLD is a fibro-inflammatory disease causing multiple organ 
swelling and elevated levels of serum IgG4 [210]. In turn, IgG4-AID 
which is characterized by autoantibodies of IgG4 class, is a new 
emerging disease with antigens found throughout the body particularly 
in 4 distinct locations: the peripheral nervous system, skin, kidneys and 
blood circulation, accompanied most predominantly by anti-neural 
IgG4-AID [211]. By studying 50 anti-neuronal IgG4-AID and 19 IgG4- 
RLD patients, the authors found that patients with IgG4-RLD had 
higher IgG4 serum concentration than in IgG4-AID. In the latter, though 
IgG4 were elevated, patients did not fulfil the criteria for IgG4-RLD and 
the autoantibodies titers did not correspond to the IgG4 serum con-
centrations. Moreover, patients with IgG4-RLD did not have anti- 
neuronal/muscular IgG4 autoantibodies, and IgG4-RLD male patients 
had more frequently elevated levels of serum IgG4 compared to females 
[212]. 

The effectiveness of a gluten-free diet (GFD) in autoimmune diseases 
(ADs) was presented by Lerner, concluding 83 papers in which GFD was 
used to treat 29 ADs. Rheumatic, skin, muscular, connective tissue, in-
testinal, hepatic and biliary, thyroidal, adrenal, hematological, cardiac, 
kidney, ophthalmic, gynecological, and cerebral illnesses were all dis-
cussed. Gluten withdrawal was effective in roughly 80% of the tested 
ADs, according to the findings which might be the start of a novel dietary 
therapy for autoimmunity [213]. 

Seida R. discussed the immunomodulatory effects of CBD by pre-
senting a patient with severe psoriatic arthritis manifested by painful 
arthritis in her knees, ankles, and hand joints. Multiple drug regimens 
were used including DMARDs, TNF-alpha inhibitors, anti-IL-17, usteki-
numab, and JAK inhibitors. However, none had brought any improve-
ment. Upadicitinib, a JAK inhibitor, was the only drug with partial 
clinical response. Due to severe pain, the patient was then treated with 
CBD, which surprisingly resulted in a complete skin and join remission. 
The mechanisms in which cannabinoids may contribute to an anti- 
inflammatory and immunomodulatory role via multiple receptors, 
mainly CB1R and CB2R, as well as GPR55 and adenosine a2a receptors, 
were discussed by Seida R. This suggests that cannabinoids can be an 
effective adjunct show anti-inflammatory properties. Interestingly, a 
study conducted on patients with psoriatic arthritis found that IL-23 
levels were significantly higher in cannabis non-users than in users 
[214]. 
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Vadasz elucidated new signaling pathway, CD72- CD6 axis on acti-
vated CD4+ T cells. Increased amount of CD72 has been detected in 
autoimmune diseases, however, CD6 receptor was a candidate for 
proinflammatory pathway in CD4+ T cells for this ligand [215]. Anal-
ysis on peripheral blood mononuclear cells taken from 15 healthy in-
dividuals showed that CD72 has significant effect on proinflammatory 
cytokines, such as IL-17 and IFN-γ. Therefore, the presenter concluded 
that targeting this novel axis and CD72 might become handy in the 
future for the treatment of autoimmune diseases [216]. 

11. Conclusion 

Due to their importance and relevance, the topics presented during 
AUTO13 were numerous and various, as illustrated. Though great efforts 
were made to bring as many updates as possible, yet not all the abstracts 
were included. Nevertheless, as the field of autoimmunity keeps fasci-
nating and attracts more research, the mission of concluding autoim-
munity meetings will inevitably become harder. Attending such 
gatherings, particularly in person, is a great opportunity to contribute to 
this important field. 

Declaration of Competing Interest 

The authors declare no competing interests. 

References 

[1] Elsalti A, Alwani A, Seida I, Alrais M, Seida R, Esirgun SN, et al. The 13th in-
ternational congress on autoimmunity 2022 (AUTO13) Athens: an event as big as 
the topics. IMAJ 2022;24(7):425–8. 

[2] Cheng CY, Baritussio A, Giordani AS, Iliceto S, Marcolongo R, Caforio ALP. 
Myocarditis in systemic immune-mediated diseases: prevalence, characteristics 
and prognosis. A systematic review. Autoimmun Rev 2022;21(4):103037. 

[3] Lavine N, Ohayon A, Mahroum N. Renal autoimmunity: The role of bacterial and 
viral infections, an extensive review. Autoimmun Rev 2022;21(5):103073. 

[4] Mahroum N, Zoubi M, Lavine N, Ohayon A, Amital H, Shoenfeld Y. The mosaic of 
autoimmunity - a taste for more. The 12th international congress of autoimmu-
nity 2021 (AUTO12) virtual. Autoimmun Rev 2021;20(11):102945. 

[5] Dotan A, Muller S, Kanduc D, David P, Halpert G, Shoenfeld Y. The SARS-CoV-2 
as an instrumental trigger of autoimmunity. Autoimmun Rev 2021;20(4):102792. 

[6] Katz-Agranov N, Zandman-Goddard G. Autoimmunity and COVID-19 - the 
microbiotal connection. Autoimmun Rev 2021;20(8):102865. 

[7] Cohen AD, Shoenfeld Y. Vaccine-induced autoimmunity. J Autoimmun 1996;9 
(6):699–703. 

[8] Segal Y, Shoenfeld Y. Vaccine-induced autoimmunity: the role of molecular 
mimicry and immune crossreaction. Cell Mol Immunol 2018;15(6):586–94. 

[9] Mahroum N, Lavine N, Ohayon A, Seida R, Alwani A, Alrais M, et al. COVID-19 
vaccination and the rate of immune and autoimmune adverse events following 
immunization: insights from a narrative literature review. Front Immunol 2022; 
13:872683. 

[10] Dlesk A. What’s a joint like that doing on a nice girl like you? JAMA 1987;258(2): 
204. 

[11] Faustinella F. The power of observation in clinical medicine. Int J Med Educ 
2020;11:250–1. 

[12] Pommier Y, Sun Y, Huang SN, Nitiss JL. Roles of eukaryotic topoisomerases in 
transcription, replication and genomic stability. Nat Rev Mol Cell Biol 2016;17 
(11):703–21. 

[13] Hanke K, Dahnrich C, Bruckner CS, Huscher D, Becker M, Jansen A, et al. Diag-
nostic value of anti-topoisomerase I antibodies in a large monocentric cohort. 
Arthritis Res Ther 2009;11(1):R28. 

[14] Massaad MJ, Ramesh N, Geha RS. Wiskott-Aldrich syndrome: a comprehensive 
review. Ann N Y Acad Sci 2013;1285:26–43. 

[15] Sudhakar M, Rikhi R, Loganathan SK, Suri D, Singh S. Autoimmunity in Wiskott- 
Aldrich syndrome: updated perspectives. Appl Clin Genet 2021;14:363–88. 

[16] Goodnow CC, Vinuesa CG, Randall KL, Mackay F, Brink R. Control systems and 
decision making for antibody production. Nat Immunol 2010;11(8):681–8. 

[17] Achour A, Simon Q, Mohr A, Seite JF, Youinou P, Bendaoud B, et al. Human 
regulatory B cells control the TFH cell response. J Allergy Clin Immunol 2017;140 
(1):215–22. 

[18] Asai Y, Chiba H, Nishikiori H, Kamekura R, Yabe H, Kondo S, et al. Aberrant 
populations of circulating T follicular helper cells and regulatory B cells under-
lying idiopathic pulmonary fibrosis. Respir Res 2019;20(1):244. 

[19] Jiang J, Yan S, Zhou X, Zhou J, Bai X, Tan Q, et al. Crosstalk between circulating 
follicular T helper cells and regulatory B cells in children with extrinsic atopic 
dermatitis. Front Immunol 2021;12:785549. 

[20] Lin X, Wang X, Xiao F, Ma K, Liu L, Wang X, et al. IL-10-producing regulatory B 
cells restrain the T follicular helper cell response in primary Sjogren’s syndrome. 
Cell Mol Immunol 2019;16(12):921–31. 

[21] Sharif K, Watad A, Coplan L, Lichtbroun B, Krosser A, Lichtbroun M, et al. The 
role of stress in the mosaic of autoimmunity: an overlooked association. Auto-
immun Rev 2018;17(10):967–83. 

[22] Horackova K, Sevcovicova A, Hrstka Z, Moravcova M, Laskova M, Dernarova L. 
Consequences of holocaust on physical health of survivors: bibliography review. 
Cent Eur J Public Health 2020;28(3):237–44. 

[23] Porat-Katz BS, Johnson TW, Katz I, Rachman-Elbaum S. Hoarding among Jewish 
holocaust survivors: moving toward a theoretical model. Isr Med Assoc J 2018;20 
(11):670–3. 

[24] Burbelo PD, O’Hanlon TP. New autoantibody detection technologies yield novel 
insights into autoimmune disease. Curr Opin Rheumatol 2014;26(6):717–23. 

[25] Satoh M, Ceribelli A, Hasegawa T, Tanaka S. Clinical significance of antinucleolar 
antibodies: biomarkers for autoimmune diseases, malignancies, and others. Clin 
Rev Allergy Immunol 2022. 

[26] Vernino S, Low PA, Fealey RD, Stewart JD, Farrugia G, Lennon VA. Autoanti-
bodies to ganglionic acetylcholine receptors in autoimmune autonomic neurop-
athies. N Engl J Med 2000;343(12):847–55. 

[27] Bryarly M, Raj SR, Phillips L, Hynan LS, Okamoto LE, Arnold AC, et al. Ganglionic 
acetylcholine receptor antibodies in postural tachycardia syndrome. Neurol Clin 
Pract 2021;11(4):e397–401. 

[28] Yamakawa M, Mukaino A, Kimura A, Nagasako Y, Kitazaki Y, Maeda Y, et al. 
Antibodies to the alpha3 subunit of the ganglionic-type nicotinic acetylcholine 
receptors in patients with autoimmune encephalitis. J Neuroimmunol 2020;349: 
577399. 

[29] Karagiorgou K, Dandoulaki M, Mantegazza R, Andreetta F, Furlan R, Lindstrom J, 
et al. Novel cell-based assay for alpha-3 nicotinic receptor antibodies detects 
antibodies exclusively in autoimmune autonomic ganglionopathy. Neurol Neu-
roimmunol Neuroinflamm 2022;9(3). 

[30] Van Hoovels L, Vander Cruyssen B, Sieghart D, Bonroy C, Nagy E, Pullerits R, 
et al. Multicentre study to improve clinical interpretation of rheumatoid factor 
and anti-citrullinated protein/peptide antibodies test results. RMD Open 2022;8 
(1). 

[31] Mahler M, Hudson M, Bentow C, Roup F, Beretta L, Pilar Simeon C, et al. Auto-
antibodies to stratify systemic sclerosis patients into clinically actionable subsets. 
Autoimmun Rev 2020;19(8):102583. 

[32] Colon-Franco JM, Bossuyt PMM, Algeciras-Schimnich A, Bird C, Engstrom- 
Melnyk J, Fleisher M, et al. Current and emerging multianalyte assays with 
algorithmic analyses-are laboratories ready for clinical adoption? Clin Chem 
2018;64(6):885–91. 

[33] Fritzler MJ, Martinez-Prat L, Choi MY, Mahler M. The utilization of autoanti-
bodies in approaches to precision health. Front Immunol 2018;9:2682. 

[34] McHugh NJ, Tansley SL. Autoantibodies in myositis. Nat Rev Rheumatol 2018;14 
(5):290–302. 

[35] Mosca M, Tani C, Vagnani S, Carli L, Bombardieri S. The diagnosis and classifi-
cation of undifferentiated connective tissue diseases. J Autoimmun 2014;48-49: 
50–2. 

[36] Shaoul R, Lerner A. Associated autoantibodies in celiac disease. Autoimmun Rev 
2007;6(8):559–65. 

[37] Jara LJ, Lopez-Zamora B, Ordonez-Gonzalez I, Galaviz-Sanchez MF, Gutierrez- 
Melgarejo CI, Saavedra MA, et al. The immune-neuroendocrine system in COVID- 
19, advanced age and rheumatic diseases. Autoimmun Rev 2021;20(11):102946. 

[38] Caltabiano R, De Pasquale R, Piombino E, Campo G, Nicoletti F, Cavalli E, et al. 
Macrophage migration inhibitory factor (MIF) and its homologue d-dopachrome 
tautomerase (DDT) inversely correlate with inflammation in discoid lupus ery-
thematosus. Molecules. 2021;26(1). 

[39] Willis R, Smikle M, DeCeulaer K, Romay-Penabad Z, Papalardo E, Jajoria P, et al. 
Clinical associations of proinflammatory cytokines, oxidative biomarkers and 
vitamin D levels in systemic lupus erythematosus. Lupus. 2017;26(14):1517–27. 

[40] How Shing Koy E, Labauge P, Baillet A, Prati C, Marotte H, Pers YM. Immuno-
modulation with IL-17 and TNF-alpha in spondyloarthritis: focus on the eye and 
the central nervous system. Ther Adv Musculoskelet Dis 2021;13. 
1759720X211025894. 

[41] Jeyakumar SM, Vajreswari A. Pharmaconutrition strategy to resolve SARS-CoV-2- 
induced inflammatory cytokine storm in non-alcoholic fatty liver disease: Omega- 
3 long-chain polyunsaturated fatty acids. World J Clin Cases 2021;9(31): 
9333–49. 

[42] Leija-Martinez JJ, Huang F, Del-Rio-Navarro BE, Sanchez-Munoz F, Munoz- 
Hernandez O, Giacoman-Martinez A, et al. IL-17A and TNF-alpha as potential 
biomarkers for acute respiratory distress syndrome and mortality in patients with 
obesity and COVID-19. Med Hypotheses 2020;144:109935. 

[43] Khaitan BK, Sindhuja T. Autoimmunity in vitiligo: Therapeutic implications and 
opportunities. Autoimmun Rev 2022;21(1):102932. 

[44] Conigliaro P, Triggianese P, Ballanti E, Perricone C, Perricone R, Chimenti MS. 
Complement, infection, and autoimmunity. Curr Opin Rheumatol 2019;31(5): 
532–41. 

[45] Sandhu V, Quan M. SLE and serum complement: causative, concomitant or 
coincidental? Open Rheumatol J 2017;11:113–22. 

[46] Weinstein A, Alexander RV, Zack DJ. A review of complement activation in SLE. 
Curr Rheumatol Rep 2021;23(3):16. 

[47] Alexander RV, Rey DS, Conklin J, Domingues V, Ahmed M, Qureshi J, et al. 
A multianalyte assay panel with cell-bound complement activation products 
demonstrates clinical utility in systemic lupus erythematosus. Lupus Sci Med 
2021;8(1). 

[48] Oku K, Nakamura H, Kono M, Ohmura K, Kato M, Bohgaki T, et al. Complement 
and thrombosis in the antiphospholipid syndrome. Autoimmun Rev 2016;15(10): 
1001–4. 

N. Mahroum et al.                                                                                                                                                                                                                              

http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0005
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0005
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0005
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0010
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0010
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0010
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0015
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0015
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0020
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0020
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0020
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0025
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0025
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0030
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0030
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0035
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0035
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0040
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0040
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0045
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0045
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0045
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0045
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0050
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0050
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0055
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0055
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0060
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0060
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0060
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0065
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0065
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0065
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0070
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0070
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0075
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0075
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0080
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0080
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0085
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0085
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0085
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0090
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0090
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0090
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0095
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0095
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0095
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0100
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0100
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0100
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0105
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0105
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0105
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0110
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0110
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0110
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0115
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0115
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0115
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0120
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0120
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0125
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0125
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0125
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0130
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0130
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0130
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0135
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0135
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0135
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0140
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0140
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0140
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0140
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0145
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0145
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0145
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0145
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0150
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0150
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0150
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0150
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0155
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0155
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0155
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0160
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0160
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0160
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0160
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0165
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0165
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0170
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0170
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0175
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0175
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0175
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0180
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0180
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0185
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0185
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0185
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0190
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0190
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0190
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0190
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0195
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0195
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0195
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0200
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0200
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0200
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0200
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0205
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0205
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0205
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0205
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0210
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0210
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0210
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0210
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0215
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0215
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0220
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0220
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0220
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0225
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0225
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0230
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0230
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0235
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0235
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0235
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0235
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0240
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0240
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0240


Autoimmunity Reviews 21 (2022) 103166

15

[49] Miyakis S, Lockshin MD, Atsumi T, Branch DW, Brey RL, Cervera R, et al. In-
ternational consensus statement on an update of the classification criteria for 
definite antiphospholipid syndrome (APS). J Thromb Haemost 2006;4(2): 
295–306. 

[50] Girardi G, Berman J, Redecha P, Spruce L, Thurman JM, Kraus D, et al. Com-
plement C5a receptors and neutrophils mediate fetal injury in the anti-
phospholipid syndrome. J Clin Invest 2003;112(11):1644–54. 

[51] Nalli C, Lini D, Andreoli L, Crisafulli F, Fredi M, Lazzaroni MG, et al. Low pre-
conception complement levels are associated with adverse pregnancy outcomes 
in a multicenter study of 260 pregnancies in 197 women with antiphospholipid 
syndrome or carriers of antiphospholipid antibodies. Biomedicines. 2021;9(6). 

[52] Trivioli G, Vaglio A. The rise of complement in ANCA-associated vasculitis: from 
marginal player to target of modern therapy. Clin Exp Immunol 2020;202(3): 
403–6. 

[53] Mobasheri L, Nasirpour MH, Masoumi E, Azarnaminy AF, Jafari M, Esmaeili SA. 
SARS-CoV-2 triggering autoimmune diseases. Cytokine. 2022;154:155873. 

[54] Cabral-Marques O, Halpert G, Schimke LF, Ostrinski Y, Vojdani A, Baiocchi GC, 
et al. Autoantibodies targeting GPCRs and RAS-related molecules associate with 
COVID-19 severity. Nat Commun 2022;13(1):1220. 

[55] McGonagle D, Kearney MF, O’Regan A, O’Donnell JS, Quartuccio L, Watad A, 
et al. Therapeutic implications of ongoing alveolar viral replication in COVID-19. 
Lancet Rheumatol 2022;4(2):e135–44. 

[56] Mahroum N, Alghory A, Kiyak Z, Alwani A, Seida R, Alrais M, et al. Ferritin - from 
iron, through inflammation and autoimmunity, to COVID-19. J Autoimmun 2022; 
126:102778. 

[57] Para O, Caruso L, Pestelli G, Tangianu F, Carrara D, Maddaluni L, et al. Ferritin as 
prognostic marker in COVID-19: the FerVid study. Postgrad Med 2022;134(1): 
58–63. 

[58] Nevejan L, Strypens T, Van Nieuwenhove M, Boel A, Cattoir L, Meeus P, et al. 
Prognostic value of circulating calprotectin levels on the clinical course of COVID- 
19 differs between serum, heparin, EDTA and citrate sample types. Clin Chim 
Acta 2022;525:54–61. 

[59] Garcia de Guadiana-Romualdo L, Rodriguez Rojas C, Morell-Garcia D, Andaluz- 
Ojeda D, Rodriguez Mulero MD, Rodriguez-Borja E, et al. Circulating levels of 
calprotectin, a signature of neutrophil activation in prediction of severe respira-
tory failure in COVID-19 patients: a multicenter, prospective study (CalCov 
study). Inflamm Res 2022;71(1):57–67. 

[60] Brancatella A, Ricci D, Viola N, Sgro D, Santini F, Latrofa F. Subacute thyroiditis 
after sars-COV-2 infection. J Clin Endocrinol Metab 2020;105(7). 

[61] Mahroum N, Shoenfeld Y. COVID-19 vaccination can occasionally trigger auto-
immune phenomena, probably via inducing age-associated B cells. Int J Rheum 
Dis 2022;25(1):5–6. 

[62] Blank RB, Haberman RH, Qian K, Samanovic M, Castillo R, Jimenez Hernandez A, 
et al. Low incidence and transient elevation of autoantibodies post mRNA COVID- 
19 vaccination in inflammatory arthritis. Rheumatology (Oxford) 2022. 

[63] Nakamura T, Morodomi Y, Kanaji S, Okamura T, Nagafuji K, Kanaji T. Detection 
of anti-GPIbalpha autoantibodies in a case of immune thrombocytopenia 
following COVID-19 vaccination. Thromb Res 2022;209:80–3. 

[64] Renaudineau Y, Abravanel F, Izopet J, Bost C, Treiner E, Congy N, et al. Novel T 
cell interferon gamma release assay (IGRA) using spike recombinant protein for 
COVID19 vaccine response and Nucleocapsid for SARS-Cov2 response. Clin 
Immunol 2022;237:108979. 

[65] Hocevar A, Simonovic Z, Rotar Z, Tomsic M. Vasculitis as temporally associated 
with COVID-19 infection or vaccination: a single-center experience. J Rheumatol 
2022;49(2):232–3. 

[66] Gargano JW, Wallace M, Hadler SC, Langley G, Su JR, Oster ME, et al. Use of 
mRNA COVID-19 vaccine after reports of myocarditis among vaccine recipients: 
update from the advisory committee on immunization practices - United States, 
June 2021. MMWR Morb Mortal Wkly Rep 2021;70(27):977–82. 

[67] Bozkurt B, Kamat I, Hotez PJ. Myocarditis with COVID-19 mRNA vaccines. Cir-
culation. 2021;144(6):471–84. 

[68] Shibli R, Barnett O, Abu-Full Z, Gronich N, Najjar-Debbiny R, Doweck I, et al. 
Association between vaccination with the BNT162b2 mRNA COVID-19 vaccine 
and Bell’s palsy: a population-based study. Lancet Reg Health Eur 2021;11: 
100236. 

[69] Keh RYS, Scanlon S, Datta-Nemdharry P, Donegan K, Cavanagh S, Foster M, et al. 
COVID-19 vaccination and Guillain-Barre syndrome: analyses using the National 
Immunoglobulin Database. Brain. 2022. 

[70] Jaydev F, Kumar V, Khatri J, Shahani S, Beganovic S. A case of autoimmune 
hemolytic anemia after the first dose of COVID-19 mRNA-1273 vaccine with 
undetected pernicious anemia. Case Rep Hematol 2022;2022:2036460. 

[71] Mesina FZ. Severe relapsed autoimmune hemolytic anemia after booster with 
mRNA-1273 COVID-19 vaccine. Hematol Transfus Cell Ther 2022. 

[72] Fabris M, De Marchi G, Domenis R, Caponnetto F, Guella S, Dal Secco C, et al. 
High T-cell response rate after COVID-19 vaccination in belimumab and ritux-
imab recipients. J Autoimmun 2022;129:102827. 

[73] Milo R, Staun-Ram E, Karussis D, Karni A, Hellmann MA, Bar-Haim E, et al. 
Humoral and cellular immune responses to SARS-CoV-2 mRNA vaccination in 
patients with multiple sclerosis: an Israeli multi-center experience following 3 
vaccine doses. Front Immunol 2022;13:868915. 

[74] Anaya JM, Rojas M, Salinas ML, Rodriguez Y, Roa G, Lozano M, et al. Post-COVID 
syndrome. A case series and comprehensive review. Autoimmun Rev 2021;20 
(11):102947. 

[75] Song P, Li W, Xie J, Hou Y, You C. Cytokine storm induced by SARS-CoV-2. Clin 
Chim Acta 2020;509:280–7. 

[76] Damoiseaux J, Dotan A, Fritzler MJ, Bogdanos DP, Meroni PL, Roggenbuck D, 
et al. Autoantibodies and SARS-CoV2 infection: the spectrum from association to 
clinical implication: Report of the 15th Dresden Symposium on Autoantibodies. 
Autoimmun Rev 2022;21(3):103012. 

[77] Kim JS, Lee JY, Yang JW, Lee KH, Effenberger M, Szpirt W, et al. Immunopa-
thogenesis and treatment of cytokine storm in COVID-19. Theranostics. 2021;11 
(1):316–29. 

[78] Schimke LF, Marques AHC, Baiocchi GC, de Souza Prado CA, Fonseca DLM, 
Freire PP, et al. Severe COVID-19 Shares a common neutrophil activation 
signature with other acute inflammatory states. Cells. 2022;11(5). 

[79] Kasperkiewicz M. Association between COVID-19 vaccination and autoimmune 
bullous diseases: a random coincidence or rare event. J Eur Acad Dermatol 
Venereol 2022. 

[80] Lonati PA, Scavone M, Gerosa M, Borghi MO, Pregnolato F, Curreli D, et al. Blood 
cell-bound C4d as a marker of complement activation in patients with the anti-
phospholipid syndrome. Front Immunol 2019;10:773. 

[81] Cabrera-Marante O, Rodriguez de Frias E, Serrano M, Lozano Morillo F, 
Naranjo L, Gil-Etayo FJ, et al. The weight of IgA anti-beta2glycoprotein I in the 
antiphospholipid syndrome pathogenesis: closing the gap of seronegative anti-
phospholipid syndrome. Int J Mol Sci 2020;21(23). 

[82] Perez D, Stojanovich L, Naranjo L, Stanisavljevic N, Bogdanovic G, Serrano M, 
et al. Presence of immune complexes of IgG/IgM bound to B2-glycoprotein I is 
associated with non-criteria clinical manifestations in patients with anti-
phospholipid syndrome. Front Immunol 2018;9:2644. 

[83] Lazzaroni MG, Fredi M, Andreoli L, Chighizola CB, Del Ross T, Gerosa M, et al. 
Triple antiphospholipid (aPL) antibodies positivity is associated with pregnancy 
complications in aPL carriers: a multicenter study on 62 pregnancies. Front 
Immunol 2019;10:1948. 

[84] Guerrero S, Sanchez-Tirado E, Agui L, Gonzalez-Cortes A, Yanez-Sedeno P, 
Pingarron JM. Monitoring autoimmune diseases by bioelectrochemical detection 
of autoantibodies. Application to the determination of anti-myelin basic protein 
autoantibodies in serum of multiple sclerosis patients. Talanta. 2022;243:123304. 

[85] Martinsen V, Kursula P. Multiple sclerosis and myelin basic protein: insights into 
protein disorder and disease. Amino Acids 2022;54(1):99–109. 

[86] Gil-Etayo FJ, Garcinuno S, Lalueza A, Diaz-Simon R, Garcia-Reyne A, 
Pleguezuelo DE, et al. Anti-phospholipid antibodies and COVID-19 thrombosis: a 
co-star, not a supporting actor. Biomedicines. 2021;9(8). 

[87] Marchandot B, Sattler L, Jesel L, Matsushita K, Schini-Kerth V, Grunebaum L, 
et al. COVID-19 related coagulopathy: a distinct entity? J Clin Med 2020;9(6). 

[88] Serrano M, Espinosa G, Lalueza A, Bravo-Gallego LY, Diaz-Simon R, Garcinuno S, 
et al. Beta-2-glycoprotein-I deficiency could precipitate an antiphospholipid 
syndrome-like prothrombotic situation in patients with coronavirus disease 2019. 
ACR Open Rheumatol 2021;3(4):267–76. 

[89] Sciascia S, Khamashta MA, D’Cruz DP. Targeted therapy in antiphospholipid 
syndrome. Curr Opin Rheumatol 2014;26(3):269–75. 

[90] Zen M, Loredo Martinez M, Benvenuti F, Gatto M, Saccon F, Larosa M, et al. 
Prevalence, outcome and management of patients with SLE and secondary anti-
phospholipid antibody syndrome after aPL seroconversion. Rheumatology (Ox-
ford) 2021;60(3):1313–20. 

[91] Fernandes MA, Gerardi MC, Andreoli L, Tincani A. Management of maternal 
antiphospholipid syndrome. Clin Exp Rheumatol 2020;38(1):149–56. 

[92] Amrouche K, Pers JO, Jamin C. Glatiramer acetate stimulates regulatory B cell 
functions. J Immunol 2019;202(7):1970–80. 

[93] Hansel A, Gunther C, Baran W, Bidier M, Lorenz HM, Schmitz M, et al. Human 6- 
sulfo LacNAc (slan) dendritic cells have molecular and functional features of an 
important pro-inflammatory cell type in lupus erythematosus. J Autoimmun 
2013;40:1–8. 

[94] Ahmad F, Dobel T, Schmitz M, Schakel K. Current concepts on 6-sulfo LacNAc 
expressing monocytes (slanMo). Front Immunol 2019;10:948. 

[95] Aringer M, Leuchten N, Schneider M. Treat to target in systemic lupus erythe-
matosus. Rheum Dis Clin North Am 2019;45(4):537–48. 

[96] Wilhelm M, Bonam SR, Schall N, Bendorius M, Korganow AS, Lumbroso C, et al. 
Implication of a lysosomal antigen in the pathogenesis of lupus erythematosus. 
J Autoimmun 2021;120:102633. 

[97] Alves I, Santos-Pereira B, Dalebout H, Santos S, Vicente MM, Campar A, et al. 
Protein mannosylation as a diagnostic and prognostic biomarker of lupus 
nephritis: an unusual glycan neoepitope in systemic lupus erythematosus. 
Arthritis Rheumatol 2021;73(11):2069–77. 

[98] Watad A, Abu Much A, Bracco D, Mahroum N, Comaneshter D, Cohen AD, et al. 
Association between ischemic heart disease and systemic lupus erythematosus-a 
large case-control study. Immunol Res 2017;65(2):459–63. 

[99] Chalmers SA, Ayilam Ramachandran R, Garcia SJ, Der E, Herlitz L, Ampudia J, 
et al. The CD6/ALCAM pathway promotes lupus nephritis via T cell-mediated 
responses. J Clin Invest 2022;132(1). 

[100] Stanley S, Vanarsa K, Soliman S, Habazi D, Pedroza C, Gidley G, et al. Compre-
hensive aptamer-based screening identifies a spectrum of urinary biomarkers of 
lupus nephritis across ethnicities. Nat Commun 2020;11(1):2197. 

[101] Cervera R, Mosca M, Rios-Garces R, Espinosa G, Trujillo H, Bada T, et al. Treat-
ment for refractory lupus nephritis: rituximab vs triple target therapy. Auto-
immun Rev 2019;18(12):102406. 

[102] Roccatello D, Sciascia S, Fenoglio R, Rossi D. A new challenge for lupus nephritis 
management: induction therapy without immunosuppressive maintenance 
regimen. Autoimmun Rev 2021;20(7):102844. 

[103] Roccatello D, Sciascia S, Naretto C, Alpa M, Fenoglio R, Ferro M, et al. 
A prospective study on long-term clinical outcomes of patients with lupus 

N. Mahroum et al.                                                                                                                                                                                                                              

http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0245
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0245
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0245
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0245
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0250
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0250
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0250
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0255
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0255
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0255
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0255
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0260
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0260
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0260
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0265
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0265
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0270
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0270
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0270
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0275
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0275
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0275
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0280
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0280
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0280
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0285
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0285
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0285
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0290
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0290
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0290
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0290
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0295
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0295
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0295
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0295
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0295
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0300
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0300
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0305
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0305
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0305
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0310
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0310
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0310
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0315
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0315
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0315
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0320
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0320
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0320
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0320
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0325
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0325
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0325
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0330
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0330
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0330
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0330
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0335
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0335
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0340
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0340
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0340
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0340
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0345
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0345
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0345
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0350
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0350
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0350
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0355
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0355
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0360
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0360
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0360
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0365
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0365
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0365
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0365
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0370
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0370
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0370
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0375
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0375
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0380
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0380
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0380
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0380
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0385
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0385
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0385
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0390
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0390
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0390
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0395
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0395
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0395
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0400
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0400
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0400
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0405
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0405
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0405
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0405
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0410
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0410
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0410
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0410
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0415
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0415
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0415
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0415
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0420
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0420
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0420
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0420
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0425
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0425
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0430
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0430
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0430
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0435
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0435
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0440
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0440
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0440
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0440
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0445
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0445
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0450
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0450
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0450
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0450
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0455
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0455
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0460
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0460
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0465
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0465
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0465
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0465
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0470
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0470
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0475
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0475
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0480
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0480
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0480
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0485
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0485
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0485
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0485
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0490
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0490
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0490
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0495
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0495
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0495
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0500
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0500
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0500
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0505
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0505
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0505
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0510
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0510
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0510
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0515
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0515


Autoimmunity Reviews 21 (2022) 103166

16

nephritis treated with an intensified B-cell depletion protocol without mainte-
nance therapy. Kidney Int Rep 2021;6(4):1081–7. 

[104] Roccatello D, Sciascia S, Baldovino S, Rossi D, Alpa M, Naretto C, et al. A 4-year 
observation in lupus nephritis patients treated with an intensified B-lymphocyte 
depletion without immunosuppressive maintenance treatment-Clinical response 
compared to literature and immunological re-assessment. Autoimmun Rev 2015; 
14(12):1123–30. 

[105] Furie RA, Aroca G, Cascino MD, Garg JP, Rovin BH, Alvarez A, et al. B-cell 
depletion with obinutuzumab for the treatment of proliferative lupus nephritis: a 
randomised, double-blind, placebo-controlled trial. Ann Rheum Dis 2022;81(1): 
100–7. 

[106] Roccatello D, Sciascia S, Di Simone D, Solfietti L, Naretto C, Fenoglio R, et al. New 
insights into immune mechanisms underlying response to Rituximab in patients 
with membranous nephropathy: a prospective study and a review of the litera-
ture. Autoimmun Rev 2016;15(6):529–38. 

[107] Ostendorf L, Burns M, Durek P, Heinz GA, Heinrich F, Garantziotis P, et al. Tar-
geting CD38 with daratumumab in refractory systemic lupus erythematosus. 
N Engl J Med 2020;383(12):1149–55. 

[108] Koo BS, Eun S, Shin K, Yoon H, Hong C, Kim DH, et al. Machine learning model 
for identifying important clinical features for predicting remission in patients 
with rheumatoid arthritis treated with biologics. Arthritis Res Ther 2021;23(1): 
178. 

[109] Tao W, Concepcion AN, Vianen M, Marijnissen ACA, Lafeber F, Radstake T, et al. 
Multiomics and machine learning accurately predict clinical response to adali-
mumab and etanercept therapy in patients with rheumatoid arthritis. Arthritis 
Rheumatol 2021;73(2):212–22. 

[110] Alghamdi MA, Redwan EM. Interplay of microbiota and citrullination in the 
immunopathogenesis of rheumatoid arthritis. Probiotics Antimicrob Proteins 
2022;14(1):99–113. 

[111] Neumann E, Schwarz MC, Hasseli R, Hulser ML, Classen S, Sauerbier M, et al. 
Tetraspanin CD82 affects migration, attachment and invasion of rheumatoid 
arthritis synovial fibroblasts. Ann Rheum Dis 2018;77(11):1619–26. 

[112] Manivel VA, Mullazehi M, Padyukov L, Westerlind H, Klareskog L, Alfredsson L, 
et al. Anticollagen type II antibodies are associated with an acute onset rheu-
matoid arthritis phenotype and prognosticate lower degree of inflammation 
during 5 years follow-up. Ann Rheum Dis 2017;76(9):1529–36. 

[113] Ronnelid J, Turesson C, Kastbom A. Autoantibodies in rheumatoid arthritis - 
laboratory and clinical perspectives. Front Immunol 2021;12:685312. 

[114] Serhal L, Lwin MN, Holroyd C, Edwards CJ. Rheumatoid arthritis in the elderly: 
characteristics and treatment considerations. Autoimmun Rev 2020;19(6): 
102528. 

[115] Judge A, Garriga C, Arden NK, Lovestone S, Prieto-Alhambra D, Cooper C, et al. 
Protective effect of antirheumatic drugs on dementia in rheumatoid arthritis 
patients. Alzheimers Dement (N Y) 2017;3(4):612–21. 

[116] Mason A, Holmes C, Edwards CJ. Inflammation and dementia: Using rheumatoid 
arthritis as a model to develop treatments? Autoimmun Rev 2018;17(9):919–25. 

[117] Shapiro SC. Biomarkers in rheumatoid arthritis. Cureus 2021;13(5):e15063. 
[118] Yang Y, Li XF, Zhang X, Bao CD, Hu JK, Xu JH, et al. Efficacy and safety of 

baricitinib in Chinese rheumatoid arthritis patients and the subgroup analyses: 
results from study RA-balance. Rheumatol Ther 2020;7(4):851–66. 

[119] Winthrop KL, Harigai M, Genovese MC, Lindsey S, Takeuchi T, Fleischmann R, 
et al. Infections in baricitinib clinical trials for patients with active rheumatoid 
arthritis. Ann Rheum Dis 2020;79(10):1290–7. 

[120] Hamaguchi Y. Autoantibody profiles in systemic sclerosis: predictive value for 
clinical evaluation and prognosis. J Dermatol 2010;37(1):42–53. 

[121] Balanescu P, Balanescu A, Balanescu E, Baicus C. Candidate proteomic bio-
markers in systemic sclerosis discovered using mass-spectrometry: an update of a 
systematic review (2014-2020). Rom J Intern Med 2021;59(2):101–11. 

[122] van Bon L, Affandi AJ, Broen J, Christmann RB, Marijnissen RJ, Stawski L, et al. 
Proteome-wide analysis and CXCL4 as a biomarker in systemic sclerosis. N Engl J 
Med 2014;370(5):433–43. 

[123] Lande R, Lee EY, Palazzo R, Marinari B, Pietraforte I, Santos GS, et al. CXCL4 
assembles DNA into liquid crystalline complexes to amplify TLR9-mediated 
interferon-alpha production in systemic sclerosis. Nat Commun 2019;10(1):1731. 

[124] Jego G, Palucka AK, Blanck JP, Chalouni C, Pascual V, Banchereau J. Plasma-
cytoid dendritic cells induce plasma cell differentiation through type I interferon 
and interleukin 6. Immunity. 2003;19(2):225–34. 

[125] Lande R, Mennella A, Palazzo R, Pietraforte I, Stefanantoni K, Iannace N, et al. 
Anti-CXCL4 antibody reactivity is present in systemic sclerosis (SSc) and corre-
lates with the SSc type I interferon signature. Int J Mol Sci 2020;21(14). 

[126] Maria ATJ, Partouche L, Goulabchand R, Riviere S, Rozier P, Bourgier C, et al. 
Intriguing relationships between cancer and systemic sclerosis: role of the im-
mune system and other contributors. Front Immunol 2018;9:3112. 

[127] Xu GJ, Shah AA, Li MZ, Xu Q, Rosen A, Casciola-Rosen L, et al. Systematic 
autoantigen analysis identifies a distinct subtype of scleroderma with coincident 
cancer. Proc Natl Acad Sci U S A 2016;113(47):E7526–34. 

[128] Tsou PS, Sawalha AH. Unfolding the pathogenesis of scleroderma through ge-
nomics and epigenomics. J Autoimmun 2017;83:73–94. 

[129] Einhaus J, Pecher AC, Asteriti E, Schmid H, Secker KA, Duerr-Stoerzer S, et al. 
Inhibition of effector B cells by ibrutinib in systemic sclerosis. Arthritis Res Ther 
2020;22(1):66. 

[130] Lazzerini PE, Laghi-Pasini F, Boutjdir M, Capecchi PL. Anti-Ro/SSA antibodies 
and the autoimmune long-QT syndrome. Front Med (Lausanne) 2021;8:730161. 

[131] Colafrancesco S, Barbati C, Priori R, Putro E, Giardina F, Gattamelata A, et al. 
Maladaptive autophagy in the pathogenesis of autoimmune epithelitis in Sjog-
ren’s syndrome. Arthritis Rheumatol 2022;74(4):654–64. 

[132] Katsiougiannis S, Tenta R, Skopouli FN. Autoimmune epithelitis (Sjogren’s syn-
drome); the impact of metabolic status of glandular epithelial cells on auto- 
immunogenicity. J Autoimmun 2019;104:102335. 

[133] Coustal C, Guillope B, Serrand C, Morel J, Taieb G, Castille E, et al. Sjogren 
syndrome overlapping with ANCA-associated vasculitis: four additional cases and 
systematic literature review. Autoimmun Rev 2022;21(6):103099. 

[134] Guellec D, Cornec-Le Gall E, Groh M, Hachulla E, Karras A, Charles P, et al. 
ANCA-associated vasculitis in patients with primary Sjogren’s syndrome: detailed 
analysis of 7 new cases and systematic literature review. Autoimmun Rev 2015;14 
(8):742–50. 

[135] Couderc M, Tournadre A, Mathieu S, Pereira B, Soubrier M, Dubost JJ. Do the 
salivary glands of patients with systemic sclerosis show ultrasonographic modi-
fications suggestive of Sjogren’s syndrome? Ann Rheum Dis 2020;79(10):e137. 

[136] Ferdowsi N, Huq M, Stevens W, Hudson M, Wang M, Tay T, et al. Development 
and validation of the Scleroderma Clinical Trials Consortium Damage Index 
(SCTC-DI): a novel instrument to quantify organ damage in systemic sclerosis. 
Ann Rheum Dis 2019;78(6):807–16. 

[137] Marketos N, Koulouri V, Piperi EP, Georgaki ME, Nikitakis NG, Mavragani CP. 
Scleroderma-specific autoantibodies: Should they be included in the diagnostic 
work-up for Sjogren’s syndrome? Semin Arthritis Rheum 2022;55:152026. 

[138] Chinn S, Caldwell W, Gritsenko K. Fibromyalgia pathogenesis and treatment 
options update. Curr Pain Headache Rep 2016;20(4):25. 

[139] Clauw DJ. Fibromyalgia: a clinical review. JAMA. 2014;311(15):1547–55. 
[140] Martinez-Lavin M. Dorsal root ganglia: fibromyalgia pain factory? Clin Rheu-

matol 2021;40(2):783–7. 
[141] Adhami E. Calculating the etiology of systemic lupus erythematosus. Med Hy-

potheses 2004;62(2):237–46. 
[142] Ahn GE, Ramsey-Goldman R. Fatigue in systemic lupus erythematosus. Int J Clin 

Rheumtol 2012;7(2):217–27. 
[143] Macfarlane GJ. The epidemiology of chronic pain. Pain. 2016;157(10):2158–9. 
[144] Yasaei R, Peterson E, Saadabadi A. Chronic Pain Syndrome. Treasure Island (FL): 

StatPearls; 2022. 
[145] Goebel A, Andersson D, Helyes Z, Clark JD, Dulake D, Svensson C. The autoim-

mune aetiology of unexplained chronic pain. Autoimmun Rev 2022;21(3): 
103015. 

[146] Goebel A, Blaes F. Complex regional pain syndrome, prototype of a novel kind of 
autoimmune disease. Autoimmun Rev 2013;12(6):682–6. 

[147] Goebel A, Krock E, Gentry C, Israel MR, Jurczak A, Urbina CM, et al. Passive 
transfer of fibromyalgia symptoms from patients to mice. J Clin Invest 2021;131 
(13). 

[148] Watts RA, Hatemi G, Burns JC, Mohammad AJ. Global epidemiology of vasculitis. 
Nat Rev Rheumatol 2022;18(1):22–34. 

[149] Hocevar A, Ambrozic A, Tomsic M. Correspondence on: ‘what comes after the 
lockdown? Clustering of ANCA-associated vasculitis: single-centre observation of 
a spatiotemporal pattern’. Ann Rheum Dis 2021. 

[150] Shakoor MT, Birkenbach MP, Lynch M. ANCA-associated vasculitis following 
Pfizer-BioNTech COVID-19 vaccine. Am J Kidney Dis 2021;78(4):611–3. 

[151] Vornicu A, Berechet A, Fratila G, Obrisca B, Jurcut C, Ismail G. Relapse of cry-
oglobulinemic vasculitis with new-onset severe renal involvement in two patients 
following mRNA COVID-19 vaccination: a case report. Medicine (Baltimore) 
2022;101(23):e29431. 

[152] Greigert H, Genet C, Ramon A, Bonnotte B, Samson M. New insights into the 
pathogenesis of giant cell arteritis: mechanisms involved in maintaining vascular 
inflammation. J Clin Med 2022;11(10). 

[153] Yang S, Chu S, Gao Y, Ai Q, Liu Y, Li X, et al. A narrative review of cancer-related 
fatigue (CRF) and its possible pathogenesis. Cells. 2019;8(7). 

[154] DRW Jayne, Merkel PA, Schall TJ, Bekker P, Group AS. Avacopan for the treat-
ment of ANCA-associated vasculitis. N Engl J Med 2021;384(7):599–609. 

[155] Hocevar A, Virscek A, Krosel M, Gradisnik S, Rotar Z, Tomsic M, et al. Survival of 
patients with idiopathic inflammatory myopathies in slovenia. Front Med (Lau-
sanne) 2021;8:801078. 

[156] Ashton C, Paramalingam S, Stevenson B, Brusch A, Needham M. Idiopathic in-
flammatory myopathies: a review. Intern Med J 2021;51(6):845–52. 

[157] Bories E, Fortenfant F, Pugnet G, Renaudineau Y, Bost C. Myositis-specific auto-
antibodies in clinical practice: Improving the performance of the immunodot. 
Semin Arthritis Rheum 2022;55:151998. 

[158] Gonzalez D, Gupta L, Murthy V, Gonzalez EB, Williamson KA, Makol A, et al. Anti- 
MDA5 dermatomyositis after COVID-19 vaccination: a case-based review. Rheu-
matol Int 2022. 

[159] Lepelletier C, Bengoufa D, Lyes Z, de Masson A, Chasset F, Jachiet M, et al. 
Dermatopulmonary syndrome associated with anti-mda5 antibodies after allo-
geneic hematopoietic stem cell transplantation. JAMA Dermatol 2017;153(2): 
184–8. 

[160] Simonsen CS, Flemmen HO, Broch L, Brunborg C, Berg-Hansen P, Moen SM, et al. 
Early high efficacy treatment in multiple sclerosis is the best predictor of future 
disease activity over 1 and 2 years in a norwegian population-based registry. 
Front Neurol 2021;12:693017. 

[161] Fraussen J, Marquez S, Takata K, Beckers L, Montes Diaz G, Zografou C, et al. 
Phenotypic and Ig repertoire analyses indicate a common origin of IgD(-)CD27(-) 
double negative B cells in healthy individuals and multiple sclerosis patients. 
J Immunol 2019;203(6):1650–64. 

[162] Lazaridis K, Tzartos SJ. Myasthenia gravis: autoantibody specificities and their 
role in MG management. Front Neurol 2020;11:596981. 

[163] Ma X, Qin C, Chen M, Yu HH, Chu YH, Chen TJ, et al. Regulatory T cells protect 
against brain damage by alleviating inflammatory response in neuromyelitis 
optica spectrum disorder. J Neuroinflammation 2021;18(1):201. 

N. Mahroum et al.                                                                                                                                                                                                                              

http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0515
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0515
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0520
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0520
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0520
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0520
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0520
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0525
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0525
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0525
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0525
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0530
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0530
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0530
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0530
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0535
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0535
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0535
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0540
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0540
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0540
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0540
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0545
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0545
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0545
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0545
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0550
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0550
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0550
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0555
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0555
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0555
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0560
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0560
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0560
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0560
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0565
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0565
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0570
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0570
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0570
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0575
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0575
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0575
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0580
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0580
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0585
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0590
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0590
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0590
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0595
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0595
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0595
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0600
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0600
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0605
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0605
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0605
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0610
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0610
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0610
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0615
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0615
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0615
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0620
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0620
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0620
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0625
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0625
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0625
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0630
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0630
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0630
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0635
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0635
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0635
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0640
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0640
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0645
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0645
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0645
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0650
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0650
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0655
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0655
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0655
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0660
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0660
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0660
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0665
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0665
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0665
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0670
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0670
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0670
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0670
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0675
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0675
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0675
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0680
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0680
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0680
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0680
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0685
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0685
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0685
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0690
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0690
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0695
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0700
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0700
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0705
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0705
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0710
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0710
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0715
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0720
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0720
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0725
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0725
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0725
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0730
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0730
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0735
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0735
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0735
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0740
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0740
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0745
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0745
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0745
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0750
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0750
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0755
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0755
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0755
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0755
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0760
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0760
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0760
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0765
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0765
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0770
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0770
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0775
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0775
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0775
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0780
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0780
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0785
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0785
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0785
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0790
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0790
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0790
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0795
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0795
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0795
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0795
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0800
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0800
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0800
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0800
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0805
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0805
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0805
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0805
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0810
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0810
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0815
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0815
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0815


Autoimmunity Reviews 21 (2022) 103166

17

[164] Einstein O, Katz A, Ben-Hur T. Physical exercise therapy for autoimmune neu-
roinflammation: application of knowledge from animal models to patient care. 
Autoimmun Rev 2022;21(4):103033. 

[165] Wang Q, Song LJ, Ding ZB, Chai Z, Yu JZ, Xiao BG, et al. Advantages of Rho- 
associated kinases and their inhibitor fasudil for the treatment of neurodegener-
ative diseases. Neural Regen Res 2022;17(12):2623–31. 

[166] Tholance Y, Moritz CP, Rosier C, Ferraud K, Lassabliere F, Reynaud-Federspiel E, 
et al. Clinical characterisation of sensory neuropathy with anti-FGFR3 autoanti-
bodies. J Neurol Neurosurg Psychiatry 2020;91(1):49–57. 

[167] Serena C, Clemenza S, Simeone S, Zullino S, Ottanelli S, Rambaldi MP, et al. 
Undifferentiated connective tissue disease in pregnancy: a topic yet to be 
explored. Front Pharmacol 2022;13:820760. 

[168] Nalli C, Galli J, Lini D, Merlini A, Piantoni S, Lazzaroni MG, et al. The influence of 
treatment of inflammatory arthritis during pregnancy on the long-term children’s 
outcome. Front Pharmacol 2021;12:626258. 

[169] Andreoli L, Bertsias GK, Agmon-Levin N, Brown S, Cervera R, Costedoat- 
Chalumeau N, et al. EULAR recommendations for women’s health and the man-
agement of family planning, assisted reproduction, pregnancy and menopause in 
patients with systemic lupus erythematosus and/or antiphospholipid syndrome. 
Ann Rheum Dis 2017;76(3):476–85. 

[170] Dijkstra DJ, Lokki AI, Gierman LM, Borggreven NV, van der Keur C, Eikmans M, 
et al. Circulating levels of anti-C1q and anti-factor H autoantibodies and their 
targets in normal pregnancy and preeclampsia. Front Immunol 2022;13:842451. 

[171] Chen X, Mo ML, Huang CY, Diao LH, Li GG, Li YY, et al. Association of serum 
autoantibodies with pregnancy outcome of patients undergoing first IVF/ICSI 
treatment: A prospective cohort study. J Reprod Immunol 2017;122:14–20. 

[172] Botta A, Rizzo F, Antonielli T, Ciliberti A, Garufi E, Lanzone A, et al. The detri-
mental effect of thyroiditis on pregnancy outcome of patients affected by auto-
immune diseases: an open question. Front Pharmacol 2022;13:827735. 

[173] Boulanger-Bertolus J, Pancaro C, Mashour GA. Increasing role of maternal im-
mune activation in neurodevelopmental disorders. Front Behav Neurosci 2018; 
12:230. 

[174] Zawadzka A, Cieslik M, Adamczyk A. The role of maternal immune activation in 
the pathogenesis of autism: a review of the evidence, proposed mechanisms and 
implications for treatment. Int J Mol Sci 2021;22(21). 

[175] Murlanova K, Begmatova D, Weber-Stadlbauer U, Meyer U, Pletnikov M, 
Pinhasov A. Double trouble: prenatal immune activation in stress sensitive 
offspring. Brain Behav Immun 2022;99:3–8. 

[176] Blagojevic J, AlOdhaibi KA, Aly AM, Bellando-Randone S, Lepri G, Bruni C, et al. 
Pregnancy in systemic sclerosis: results of a systematic review and metaanalysis. 
J Rheumatol 2020;47(6):881–7. 

[177] Herrada AA, Escobedo N, Iruretagoyena M, Valenzuela RA, Burgos PI, Cuitino L, 
et al. Innate immune cells’ contribution to systemic lupus erythematosus. Front 
Immunol 2019;10:772. 

[178] Bohn MK, Hall A, Wilson S, Taher J, Sepiashvili L, Adeli K. Pediatric evaluation of 
clinical specificity and sensitivity of SARS-CoV-2 IgG and IgM serology assays. 
Clin Chem Lab Med 2021;59(6):e235–7. 

[179] Heshin-Bekenstein M, Ziv A, Toplak N, Hagin D, Kadishevich D, Butbul YA, et al. 
Safety and immunogenicity of BNT162b2 mRNA COVID-19 vaccine in adoles-
cents with rheumatic diseases treated with immunomodulatory medications. 
Rheumatology (Oxford) 2022. 

[180] Cohen Tervaert JW, Mohazab N, Redmond D, van Eeden C, Osman M. Breast 
implant illness: scientific evidence of its existence. Expert Rev Clin Immunol 
2022;18(1):15–29. 

[181] Halpert G, Watad A, Tsur AM, Dotan A, Quiros-Lim HE, Heidecke H, et al. 
Autoimmune dysautonomia in women with silicone breast implants. 
J Autoimmun 2021;120:102631. 

[182] Tocut M, Halpert G, Tsur AM, Sharif K, Heidecke H, Levy Y, et al. Cognitive 
impairment, sleep disturbance, and depression in women with silicone breast 
implants: association with autoantibodies against autonomic nervous system re-
ceptors. Biomolecules. 2022;12(6). 

[183] Watad A, Quaresma M, Brown S, Cohen Tervaert JW, Rodriguez-Pint I, Cervera R, 
et al. Autoimmune/inflammatory syndrome induced by adjuvants (Shoenfeld’s 
syndrome) - an update. Lupus. 2017;26(7):675–81. 

[184] Jara LJ, Vera-Lastra O, Mahroum N, Pineda C, Shoenfeld Y. Autoimmune post- 
COVID vaccine syndromes: does the spectrum of autoimmune/inflammatory 
syndrome expand? Clin Rheumatol 2022;41(5):1603–9. 

[185] Jara LJ, Vera-Lastra O, Mahroum N, Pineda C, Shoenfeld Y. In response to 
comment on “Autoimmune post-COVID vaccine syndromes: does the spectrum of 
autoimmune/inflammatory syndrome expand?” by Jara LJ et al. Clin Rheumatol 
2022. 

[186] Dotan A, David P, Arnheim D, Shoenfeld Y. The autonomic aspects of the post- 
COVID19 syndrome. Autoimmun Rev 2022;21(5):103071. 

[187] Shoenfeld Y, Agmon-Levin N. ‘ASIA’ - autoimmune/inflammatory syndrome 
induced by adjuvants. J Autoimmun 2011;36(1):4–8. 

[188] Dolgin E. The tangled history of mRNA vaccines. Nature. 2021;597(7876): 
318–24. 

[189] Shoenfeld Y. Everything is autoimmune until proven otherwise. Clin Rev Allergy 
Immunol 2013;45(2):149–51. 

[190] Martinez-Lavin M, Tejada-Ruiz M. Gulf war illness, post-HPV vaccination syn-
drome, and Macrophagic Myofasciitis. Similar disabling conditions possibly 
linked to vaccine-induced autoimmune dysautonomia. Autoimmun Rev 2020;19 
(9):102603. 

[191] Katz U, Shoenfeld Y, Zandman-Goddard G. Update on intravenous immunoglob-
ulins (IVIg) mechanisms of action and off- label use in autoimmune diseases. Curr 
Pharm Des 2011;17(29):3166–75. 

[192] Morales-Ruiz V, Juarez-Vaquera VH, Rosetti-Sciutto M, Sanchez-Munoz F, Adalid- 
Peralta L. Efficacy of intravenous immunoglobulin in autoimmune neurological 
diseases. Literature systematic review and meta-analysis. Autoimmun Rev 2022; 
21(3):103019. 

[193] Aggarwal R, Dewan A, Pandey A, Trehan N, Majid MA. Efficacy of high-dose 
intravenous immunoglobulin in severe and critical COVID-19: A retrospective 
cohort study. Int Immunopharmacol 2022;106:108615. 

[194] Geriak M, McGrosso D, Gonzalez DJ, Dehner M, Sakoulas G. Case series of suc-
cessful intravenous immunoglobulin (IVIG) treatment in 4 pregnant patients with 
severe COVID-19-induced hypoxia. Am J Case Rep 2022;23:e936734. 

[195] Prato A, Gulisano M, Scerbo M, Barone R, Vicario CM, Rizzo R. Diagnostic 
approach to pediatric autoimmune neuropsychiatric disorders associated with 
streptococcal infections (PANDAS): a narrative review of literature data. Front 
Pediatr 2021;9:746639. 

[196] Heidari Z, Jami M. Parvovirus B19 infection is associated with autoimmune 
thyroid disease in adults. Int J Endocrinol Metab 2021;19(4):e115592. 

[197] Kawasaki T, Ooka S, Mizushima M, Nakamura Y, Ikeda H, Sakurada T, et al. 
COVID-19 and adult-onset Still’s disease as part of hyperferritinemic syndromes. 
Mod Rheumatol Case Rep 2022;6(1):101–5. 

[198] Goren G, Schwartz D, Friger M, Banai H, Sergienko R, Regev S, et al. Randomized 
controlled trial of cognitive-behavioral and mindfulness-based stress reduction on 
the quality of life of patients with crohn disease. Inflamm Bowel Dis 2022;28(3): 
393–408. 

[199] Thapa S, Shrestha U. Immune Reconstitution Inflammatory Syndrome. Treasure 
Island (FL): StatPearls; 2022. 

[200] Iordache L, Launay O, Bouchaud O, Jeantils V, Goujard C, Boue F, et al. Auto-
immune diseases in HIV-infected patients: 52 cases and literature review. Auto-
immun Rev 2014;13(8):850–7. 

[201] Ludgate S, Connolly SP, Fennell D, Muhamad MF, Welaratne I, Cotter A, et al. 
Graves’ disease associated with HIV disease and late immune reconstitution in-
flammatory syndrome following the initiation of antiretroviral therapy. Endo-
crinol Diabetes Metab Case Rep 2021;2021. 

[202] Tsoukalas D, Fragoulakis V, Sarandi E, Docea AO, Papakonstaninou E, 
Tsilimidos G, et al. Targeted metabolomic analysis of serum fatty acids for the 
prediction of autoimmune diseases. Front Mol Biosci 2019;6:120. 

[203] Yoon N, Jang AK, Seo Y, Jung BH. Metabolomics in autoimmune diseases: focus 
on rheumatoid arthritis, systemic lupus erythematous, and multiple sclerosis. 
Metabolites. 2021;11(12). 

[204] Madgar O, Baniel A, Yarom N, Glikson E, Zeeli T, Sprecher E, et al. Mucous 
membrane pemphigoid-otorhinolaryngological manifestations: a retrospective 
cohort study. Eur Arch Otorhinolaryngol 2020;277(3):939–45. 

[205] Gamm DM, Harris A, Mehran RJ, Wood M, Foster CS, Mootha VV. Mucous 
membrane pemphigoid with fatal bronchial involvement in a seventeen-year-old 
girl. Cornea. 2006;25(4):474–8. 

[206] Jalil BA, Abdou YG, Rosen SA, Dammad T. Mucous membrane pemphigoid 
causing central airway obstruction. J Bronchol Interv Pulmonol 2017;24(4): 
334–8. 

[207] Kato K, Moriyama Y, Saito H, Koga H, Hashimoto T. A case of mucous membrane 
pemphigoid involving the trachea and bronchus with autoantibodies to beta3 
subunit of laminin-332. Acta Derm Venereol 2014;94(2):237–8. 

[208] Bargagli E, Prasse A. Sarcoidosis: a review for the internist. Intern Emerg Med 
2018;13(3):325–31. 

[209] Ten Berge JC, Schreurs MW, Vermeer J, Meester-Smoor MA, Rothova A. Preva-
lence and clinical impact of antiretinal antibodies in uveitis. Acta Ophthalmol 
2016;94(3):282–8. 

[210] Sanchez-Oro R, Alonso-Munoz EM, Marti Romero L. Review of IgG4-related dis-
ease. Gastroenterol Hepatol 2019;42(10):638–47. 

[211] Koneczny I. Update on IgG4-mediated autoimmune diseases: new insights and 
new family members. Autoimmun Rev 2020;19(10):102646. 

[212] Endmayr V, Tunc C, Ergin L, De Rosa A, Weng R, Wagner L, et al. Anti-neuronal 
IgG4 autoimmune diseases and IgG4-related diseases may not be part of the same 
spectrum: a comparative study. Front Immunol 2021;12:785247. 

[213] Lerner A, Freire de Carvalho J, Kotrova A, Shoenfeld Y. Gluten-free diet can 
ameliorate the symptoms of non-celiac autoimmune diseases. Nutr Rev 2022;80 
(3):525–43. 

[214] Tsang J, Silverberg O, Machhar R, Pollock R, Pereira D, Sutton M, et al. Exploring 
cannabis use and perspectives among psoriatic disease patients. Clin Rheumatol 
2022;41(5):1431–7. 

[215] Vadasz Z, Goldeberg Y, Halasz K, Rosner I, Valesini G, Conti F, et al. Increased 
soluble CD72 in systemic lupus erythematosus is in association with disease ac-
tivity and lupus nephritis. Clin Immunol 2016;164:114–8. 

[216] Vadasz Z, Haj T, Balbir A, Peri R, Rosner I, Slobodin G, et al. A regulatory role for 
CD72 expression on B cells in systemic lupus erythematosus. Semin Arthritis 
Rheum 2014;43(6):767–71. 

Naim Mahrouma,*, Abdulrahman Elsaltia, Abdulkarim Alwania, 
Isa Seidaa, Mahmoud Alraisa, Ravend Seidaa, Sevval Nil Esirguna, 

Tunahan Abalia, Zeynep Kiyaka, Magdi Zoubib, Yehuda Shoenfeldc 

a International School of Medicine, Istanbul Medipol University, Istanbul, 
Turkey 

b Department of Internal Medicine B, HaEmek Medical Center, Afula, Israel, 
Affiliated to Technion, Faculty of Medicine, Haifa, Israel 

c Ariel University, Ariel, Israel 

N. Mahroum et al.                                                                                                                                                                                                                              

http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0820
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0820
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0820
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0825
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0825
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0825
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0830
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0830
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0830
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0835
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0835
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0835
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0840
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0840
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0840
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0845
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0845
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0845
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0845
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0845
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0850
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0850
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0850
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0855
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0855
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0855
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0860
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0860
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0860
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0865
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0865
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0865
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0870
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0870
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0870
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0875
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0875
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0875
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0880
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0880
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0880
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0885
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0885
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0885
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0890
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0890
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0890
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0895
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0895
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0895
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0895
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0900
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0900
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0900
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0905
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0905
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0905
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0910
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0910
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0910
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0910
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0915
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0915
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0915
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0920
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0920
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0920
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0925
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0925
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0925
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0925
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0930
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0930
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0935
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0935
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0940
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0940
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0945
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0945
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0950
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0950
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0950
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0950
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0955
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0955
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0955
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0960
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0960
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0960
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0960
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0965
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0965
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0965
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0970
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0970
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0970
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0975
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0975
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0975
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0975
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0980
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0980
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0985
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0985
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0985
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0990
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0990
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0990
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0990
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0995
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf0995
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1000
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1000
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1000
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1005
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1005
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1005
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1005
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1010
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1010
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1010
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1015
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1015
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1015
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1020
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1020
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1020
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1025
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1025
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1025
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1030
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1030
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1030
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1035
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1035
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1035
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1040
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1040
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1045
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1045
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1045
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1050
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1050
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1055
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1055
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1060
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1060
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1060
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1065
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1065
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1065
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1070
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1070
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1070
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1075
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1075
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1075
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1080
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1080
http://refhub.elsevier.com/S1568-9972(22)00136-7/rf1080


Autoimmunity Reviews 21 (2022) 103166

18

* Corresponding author at: International School of Medicine, Istanbul 
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