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Article 

Hyper Production of Anti Spike Antibodies and 
Rheumatological Manifestations: Coincidence or 
Pathogenesis? 
Marc Golstein  

Dept of Rheumatology, Saint-Jean Hospital, Brussels, 32 Boulevard du Jardin Botanique, 1000 Brussels, 
Belgium; Tel.: +322-2-221-9987; Fax +32-221-9828; marc.golstein.pcr@gmail.com 

Abstract 

Introduction: Vaccine is the most widely used public health measure to control the global COVID-19 
pandemic. Most of the vaccines used in Europe and North America are mRNA-based vaccine A mass 
vaccination campaign was carried out between 2021 and 2024. Some adverse events have been 
reported. We question the role of vaccines in the pathogenesis of rheumatological manifestations 
observed following one or more injections. Material and methods: A prospective observational 
study involving two cohorts was initiated, with the first cohort observed from 13th September 
2021 to 30th September 2022, and the second cohort from 1st October 2022 to 30th September 
2023. The study also focused on the interval between the last vaccine injection and the onset of 
rheumatic symptoms. None of the patients had a history of rheumatic or inflammatory diseases. 
We compare both cohorts and ankle arthritis case series to analyze the differences between early 
and late onset adverse events patients. Results: In both cohorts and case series, the majority of 
patients are women. The most common symptoms include diffuse muscle pain, which mimics 
polymyalgia rheumatica and ankle arthritis. Very high levels of anti-Spike antibodies (> 2080 
BAU/ml) were generally detected. Pearson correlation coefficient between both cohorts and case 
series is very high, confirming the reproducibility of post-vaccine clinical and biological features. 
Conclusion: These rheumatological manifestations might be triggered by inappropriate 
individual immune responses to the vaccine's Spike protein and/or the overproduction of Spike 
protein, which can mediate a pro-inflammatory reaction explaining early and late-onset effects. 

Keywords: COVID 19-vaccine; anti-Spike antibodies; averse events; arthritis 
 

Introduction 

Vaccine is the most widely used public health measure to control the global COVID-19 
pandemic. Most of the vaccines used in Europe and North America are mRNA-based vaccines 
(BNT162b2 and mRNA-1273), but DNA vaccines (ChadOx1 and CoV-19) are also used [1,2]. A mass 
vaccination campaign was launched between 2021 and 2024. Some adverse events have been reported 
in relation to this vaccine and several rheumatological events have been documented [3,4]. We 
question the role of Covid 19 vaccines in the pathogenesis of rheumatological manifestations 
observed following one or more injections. 

Material and Methods 

This clinical study was approved by Saint-Jean hospital’s ethical board in accordance with the 
Belgian Law regarding the use of medical data which is available for any additional request. All 
patients were examined and followed in the same rheumatology department. A prospective 
observational study of 2 cohorts was launched from 13th September 2021 to 30th of September 2022 for 
the first one and from 1st October 2022 to 30th of September 2023 for the second one. After the first 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 September 2025 doi:10.20944/preprints202509.0688.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.0688.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 8 

 

year, we focused also the observational study on the delay between the last vaccine injection and the 
beginning of rheumatic symptoms. We exclude of the studies all patients having a past of rheumatic 
or inflammatory diseases. Patients treated for depression, fibromyalgia or chronical widespread pain 
were also excluded. Out of a series of 184 patients having muscle, joint and skeletal claims after Covid 
vaccination we report a first cohort of 124 patients without interferent diseases having developed 
rheumatological manifestations which occurred after vaccination with an RNA vaccine coding for 
the SARS-CoV-2 spike protein (120/124) or an DNA vaccine (4/124). Out of 156 patients, 31 were 
excluded using the same criteria and a second cohort of 125 patients having developed late onset 
adverse events is studied. None of the patients had a history of rheumatological disease or developed 
rheumatological disease during the follow-up. All causes of rheumatic diseases were excluded by a 
full biological examination, adequate imaging according to the clinic.  A post-vaccination blood 
serological follow-up for anti-spike antibodies was requested a several times for all patients at the 
diagnosis and during the follow-up. None of the subjects had a suspicion of viral infection as 
confirmed by the diverse samplings collected. All the patients were treated with an oral low dose of 
methylprednisolone 8mg/day reduced to 4 mg/day after 2 weeks. We double checked the medical 
history of each patient by consulting ABRUMET (professional access to general patient medical data 
base) according to the Belgian law. None of the patients developed any other disease after at least 18 
months of follow-up. All patients underwent serological testing for SARS-CoV-2 after vaccination. 
IgG antibodies anti-Spike to SARS-CoV-2 were determined on LIAISON XL (DiaSorin S.p.A., 
Saluggia, Italy) using the IgG SARS-CoV-2 Trimerics reagent (DiaSorin S.p.A.). The measurement 
range was between 4.81 and 2080 BAU/mL, with a threshold of 33.8 BAU/ml.  According to the 
company, a value of 520 BAU/mL or more corresponds to a high neutralization capacity of the 
antibodies. As this serological test is not reimbursed by the Belgian social security, each patient had 
to pay for it.  Because of ethical board restriction, we were only allowed to use the serological results 
of our own vaccinated patients as control group followed at the consultation with other diagnoses. A 
vaccinated control group of 59 subjects (mean age 56 years old, 43 females and 16 males) does not 
reveal such a high level of anti-Spike antibodies in the blood sample. The mean anti-spike antibody 
level in the control group was 486,7 BAU/ml (4.8 – 842). We also tested 6 unvaccinated patients of our 
own consultation to assess the control group (mean value 54 BAU/ml). We questioned each patient 
about any declaration of adverse events. We use the Pearson test to compare early and late onset 
cohorts and bilateral ankle arthritis after vaccination and examine the potential link between Covid-
19 vaccines and new or recurrent sarcoidosis.   

Results: Tables 1–3.  

Table 1. Cohort description. 

 Patients 
Age gender Ethnic  Vaccines Vaccine doses / delay days  

1st/delay   2d/delay    
3d/delay    4th/delay F M F M Caucasian 

Black 
African Asian mRNA DNA 

Cohort1 124 54,6 59,6 87 37 79F/32M 7F/3M 1F/1M 120 4 17/12,5d  50/20,3d  
55/30,5d   4/30,5d  

Cohort2 125 41,2 50,6 94 31 86F/29M 7F/0M 1F/2M 123 2 
4/12,5d   45/>122d  
58/>113d  18/>126d 

Table 2. Clinical features. 

 Polymyalgia  Ankle 
arthritis  

Fingers 
hands 
wrist  

Knees 
arthritis  

Hips 
arthritis 

Ploy - oligo 
arthritis 

Combination diverse 

Cohort1 73 38+1  13 9+1 2 1 19 0 
Cohort2 53 37 33 15+9 3 1 24 2 

Ankle arthritis ; 38 bilateral + 1 unilateral;Fingers , hand and wrist : arthritis and arthralgia; knees arthritis: 9 and 15 bilateral , 

1 and 9 unilateral arthritis. 
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Table 3. Biological characteristics. 

 
Anti-Spike BAU/ml High SR mm/h  

Patient/ mean value 
High CRP mg/l 

Patient/ mean value  
ANA RF Anti CCP 

>2080 1000 -2080  
Cohort 1 104 20/ 1318 32F/41mm/h 8M/46,mm/h 32F/14,6mg/l 8M/26,3 mg/l 3 0 2 
Cohort 2 96 29/1434 35F/19mm/h 9M/15,7mm/h 35F/7,04mg/l 9M/12,2 mg/l 8 1 3 

Anti Spike antibodies :plasmatic level in BAU/ml , high RS or CRP : cohort 1 40pateitns cohort 2 46 patients , ANA antinuclear 

antibodies , RF rheumatoid factor , anti CCP anti citrullinated peptide. 

Cohort 1  

Among the 124 patients (median age 51.6 years [17-86 years]), 37 are men (33 Caucasians, 3 
Africans, 1 Asian) and 87 (70%) are women (median age 54.6 years [20-80 years]), including 79 
Caucasians, 7 Africans, and 1 Asian. Of these patients, 73 (58.9%) had polymyalgia, 38 (30.6%) had 
bilateral ankle arthritis, 1 had monoarthritic of the ankle, 13 (10.4%) had arthritis of the fingers, hand, 
or wrist, 9 (7%) had arthritis of both knees, 1 had monoarthritic of the knee, 2 had arthritis of the hips, 
and 1 had seronegative polyarthritis. A combination of rheumatological symptoms occurred in 19 
patients. Antinuclear antibodies (ANA) were detected in 3 patients, and anti-citrullinated peptide 
antibodies (anti-CCP) were detected in 2 patients. Most symptoms appeared after the 2nd or 3rd dose 
of the vaccine: 17 cases on average 12.5 days (range 1-42 days) after the first dose, 50 cases on average 
20.3 days (range 1-90 days) after the second dose, 53 cases on average 30.5 days (range 1-90 days) 
after the third dose, and 4 cases on average 30.5 days (range 1-90 days) after the fourth dose. Very 
high levels of anti-Spike antibodies (> 2080 BAU/ml) were found in 104 cases (84%), and high levels 
(average 1318 BAU/ml) were found in 20 cases (16%). In some cases, the anti-Spike antibody level 
increased during follow-up in the absence of a proven COVID-19 infection or vaccine booster and 
correlated with an outbreak of muscle or joint pain. At the beginning of the follow-up, a biological 
inflammatory syndrome characterized by elevated sedimentation rate (SR) and/or C-reactive protein 
(CRP) was found in 40 out of 124 patients (32%), especially in women (32 out of 40, 80%). The mean 
SR/CRP values were 41 mm/h / 14.6 mg/l in women and 46.5 mm/h / 21.3 mg/l in men. Even if most 
patients had no inflammatory abnormalities, they were symptomatic and responded to a low dose of 
8 mg methylprednisolone per day, which was rapidly reduced to 4 mg per day." 

Cohort 2  

Among the 125 patients (median age 50.6 years [28-85 years]), 31 are men (29 Caucasians and 2 
Asians) and 94(75%) are women (median age 41.2 years [17-85 years]), including 86 Caucasians, 7 
Africans, and 1 Asian. Of these patients, 53 (42.4%) had polymyalgia, 37 (29.6%) had bilateral ankle 
arthritis, 33 (26.4%) had arthralgia or arthritis of the fingers, hand, or wrist, 15 (12%) had arthritis of 
both knees, 9 (7.2%) had monoarthritic of the knee, 3 had arthritis of the hips, and 1 had seronegative 
polyarthritis. A combination of these rheumatological symptoms occurred in 24 patients. Anti-
nuclear antibodies (ANA) were detected in 8 patients, rheumatoid factor in 1 patient, and anti-
citrullinated peptide antibodies (anti-CCP) in 3 patients (2 slightly positive and 1 with high levels). 
Most symptoms appeared after the 2nd or 3rd dose of the vaccine: 4 cases on average 12.5 days after 
the first dose, 45 cases on average at least 122 days after the second dose, 58 cases on average at least 
113 days after the third dose, and 18 cases on average at least 126 days after the fourth dose. Very 
high levels of anti-Spike antibodies (> 2080 BAU/ml) were found in 96 cases (76.8%), and high levels 
(average 1435 BAU/ml) were found in 29 cases (23.2%).A biological inflammatory syndrome 
characterized by elevated sedimentation rate (SR) and/or C-reactive protein (CRP) was found in 46 
out of 125 patients (36.8%), with 35 out of 49 women (71.4%) affected. The mean SR/CRP values were 
19 mm/h / 7.04 mg/l in women and 15.7 mm/h / 12.2 mg/l in men. Most patients in the second cohort 
had no inflammatory abnormalities; they were symptomatic and responded equally to a low dose of 
8 mg methylprednisolone per day, which was rapidly reduced to 4 mg per day (the same treatment 
and follow-up as for the first group).In both cohorts, none of the patients reported any adverse events 
related to COVID-19 vaccines due to fear and lack of knowledge about the reporting process. No 
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serum sickness related to high levels of anti-Spike antibodies was observed. The Pearson correlation 
coefficient between both cohorts is very high (0.95), confirming the reproducibility of clinical and 
biological features. 

Comparison between early and late onset bilateral ankle arthritis (Tables 4 and 5). 

Table 4. comparison control group, early-onset, and late-onset case series. 

Patients   VS/CRP Number Vaccine doses Anti Spike anti bodies 
BAU/ml 

  Age  gender 
VS 

mm/h 
CRP 
mg/l 

Johnson 
Astra 

Zeneca  
Moderna  Pfizer  >2080 1000-2080 <1000 

59 Control 56 43F/16M   2 32 23 72 0 0 59 

17 Early  51,8 13F /4M 27,7 (3-85) 23,7(2-69) 0 2 3 20 13 
1 
 

2 
 

17 Late  57,1  14F /3M 26,6 (2-73) 9     (2-52) 
0 
 

8 4 35 10 5 2 

Table 5. Clinical characteristics of the late-onset arthritis patients. 

Case Sex/Age  Ethnic  vaccine 
Clinical 
features  

ESR (mm/h)/ 
CRP (mg/l)  

SarsCov2 S IGG 
AB (delay) 

1 F/48 Caucasian Pfizer x2 Ankle R+L  73/4  >2080(17months) 
2 F/75 Caucasian Pfizer x3 Ankle R +L  48/9  >2080(19months) 
3 M/60 Caucasian Pfizer x3 Ankle R +L  7/2  1300 (22months) 
 4 F/52 Caucasian Pfizer x3 Ankle R+L  22/4  >2080(13months) 
5 F/53 Caucasian Pfizer x3 Ankle R+L  15/2  425(15months)  
6 M/50 Caucasian Pfizer x3 Ankle R +L  26/21 >2080(13months) 
7 F/80 Caucasian Moderna x3 Ankle R+L  30/04 >2080(16months) 
8 F/74 Caucasian Pfizer x3 Ankle R +L  11/52 >2080(15months) 
9 F/54 Caucasian AZ x2 Ankle R +L  39/15 1280(22months) 

10 F/68 Caucasian AZ x2 Pfizerx1 Ankle R +L  
Knee R 

 21/02  1680(17months) 

11 F/55 Caucasian Pfizer x2 Ankle R +L  39/4 >2080(25months) 
12 M/69 Caucasian  AZx2 Pfizerx2 Ankle R +L  6/2 641(8months) 
13 F/39 Asian Pfizerx2Modernax1 Ankle R +L  30/06 >2080(17months) 
14 F/48 African Pfizer x2 Ankle R +L  56/8 1530(20months) 
15 F/38  African Pfizer x3 Ankle R +L  19/10 1550(11months) 
16 F/49 African AZx2Pfizerx1 Ankle R +L  2/6  >2080(19months) 

17 F/57 Caucasian Pfizerx2Modernax1 
Ankle R +L.  
Knee R+L  9/3 >2080(21months) 

We compare the 17 first patients of cohort having late-onset bilateral ankle arthritis with  
our initial case series. Among the 17 patients (median age 57.1 years [38-85 years]), 14 are 

women, with 10 identifying as Caucasian, 3 as Black African, and 1 as Asian. The 3 men are all 
Caucasian. Three women developed bilateral ankle arthritis six months or more after receiving two 
doses of mRNA vaccines, one after two doses of DNA vaccines, twelve (ten women and two men) 
after three doses, and one man after four doses. Only three patients had received a DNA vaccine 
before the mRNA boosters (one or two doses). The late-onset case series is compared with our 
initial published series of early post-vaccine ankle arthritis. Clinical and biological features 
between early and long-latency patients are summarized in Table 4. High levels of anti-Spike 
antibodies were detected in blood samples at the time of diagnosis, and these elevated levels 
persisted in 9 of the 17 patients studied for more than 11 months after the diagnosis of ankle 
arthritis. Among these cases, four experienced a relapse of bilateral ankle arthritis. The number 
of vaccine doses is higher in the late-onset series (47) than in the early-onset group (25). The 
number of DNA and RNA vaccine doses received is also higher in the late-onset group (8 
DNA/39 RNA doses) than in the early-onset case series (2 DNA/23 RNA doses). We also focused 
on the delay between the last vaccine dose and the rheumatological diagnosis. The mean delay 
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is 17 months in the late-onset group and 0.44 months in the early-onset case series. Excluding 
the delay parameter, the Pearson correlation coefficient (0.91) between both case series confirms 
clinical reproducibility. 

Flare and new onset of sarcoidosis (Table 6). 

Table 6. Flare and new onset of sarcoidosis. 

 age gender ethnic 
biology 

Anti spike 
BAU/ml  

clinical vacce delay SR 
mm/h 

CRP 
mg/l 

1 27 F Black African 27 16 >2080 Ankle L+R Modernax2 7days 
2 66 F Black African 44 17 1780 Ankle L+R AZx2 5 days 
3 38 F Black African 6 4 >2080 Ankle L+R Pfizerx2 7 days 

4 33 F Maghreban 50 24 >2080 
Ankle L+R and 

mediastinal 
lymphadenopathy 

Pfizerx2 3months 

5 43 M Black African 32 24 1250 Ankle L+R Modernax2 >6months 
6 48 F Black African 20 2 >2080 Ankle L+R PfizerX2 ?  

Patients experiencing a new onset or flare of sarcoidosis after receiving COVID-19 vaccines 
developed also bilateral ankle arthritis. Three patients developed symptoms shortly after the second 
dose of the COVID-19 vaccine (one DNA and two mRNA), while two others had a delayed onset 
(both with mRNA vaccines). The sixth patient could not specify the delay between the last vaccine 
and the onset of the articular flare. All individuals exhibited elevated levels of anti-Spike protein, 
with women constituting most participants (five out of six). The clinical evolution was favorable 
under treatment with a low dose of prednisolone. 

Discussion 

In both cohorts and case series, a vast majority of patient are women, experiencing more often 
than men, a biological inflammatory syndrome. The strong affinity of Spike protein to estrogenic 
alpha receptors [5] may explain the female gender ratio of the rheumatologic adverse event. The most 
common complaint is diffuse muscle pain mimicking polymyalgia rheumatica [6,7] in presentation 
but occurring on average in the early 50s and often without inflammatory syndrome. As most causes 
of diffuse pain have been excluded, low-dose corticosteroid treatment (8 mg methyl 
prednisolone/day reduced to 4 mg/day ) has been administered as for the other clinical manifestations 
and has been effective in most cases 65 /73 (cohort 1) and 35/53 (cohort 2).The most frequent joint 
involvement is bi arthritis of the ankles [8]  (38 +1unilateral ankle arthritis -31% in cohort1 and 37 
cases- 29,6 % in cohort2. New cases of inflammatory mono/oligo arthritis involving the ankle are 
more likely to be due to reactive undifferentiated arthritis or spondylarthritis than rheumatoid 
arthritis and microcrystalline arthritis [9]. Abhishek and colleagues reported that in the Birmingham 
early inflammatory arthritis (BEACON) cohort, patients with bilateral ankle synovitis were more 
likely to be classified as having acute sarcoid arthritis [10]. We remind that all those diagnoses were 
excluded from both cohorts. About 75 cases of acute sarcoidosis are expected to be diagnosed in one 
year for the Brussels region and shared into 13 hospitals.  The 6 patients (excluded of both cohorts) 
having previously an articular sarcoidosis and those who developed a flare or a sarcoidosis after 
vaccination [11–13] confirm the normal incidence of the disease diagnosed in our department and are 
questioning about the significance of the high level of anti-Spike antibodies and the role of spike 
protein in the occurrence of inflammatory articular manifestations. We find totally 46 (13 early onset 
cohort +33 late onset cohort) cases of arthralgia, arthritic fingers and wrists without any erosions. No 
other cause is discovered during the follow-up as well for patients having other articular locations 
(knees or hips). No patients exhibited serum sickness symptoms associated with elevated anti-Spike 
protein levels.  These biological findings do not monster abnormal frequency of ANA, RF or anti 
CCP and suggest a cellular rather than humoral inflammatory reaction [14]. Mostly, the evolution 
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was favorable each time when low-dose corticosteroids were taken. The lack of satisfactory response 
to corticosteroids seems to be related to the long persistence or increased of very high levels of anti-
Spike (> 2080 BAU/ml). Whatever, the significance of anti-Spike antibodies remains unclear, a high 
level of anti-Spike IGG antibodies was also detected in young patients who have developed post-
vaccination myocarditis, especially in the presence of a high amount of Spike protein [15]. Even if the 
average age of late-onset patients is higher (51 years), we can also accredit the presence of high levels 
of anti-Spike IGG antibodies at the time of diagnosis and during the follow-up. Although we cannot 
exclude the possibility that the onset of arthritis/polymyalgia after mRNA vaccination is a 
coincidence, the similarities between these 2 cohorts and the number of cases post vaccine over a 
short period of time might suggest some pathogenic causation. Normally, the level of post-vaccine 
induced IGG anti-Spike lowered in 5 to 6 months, justifying the booster vaccine program [16] and 
after a 3rd dose of RNA vaccine, there is a reduction in anti-spike levels from the 3rd month [17]. The 
presence of SARS-CoV-2 Spike antibodies at least more than 8 months after a vaccine dose is 
questioning the physiopathology of early and late-onset arthritis post-RNA vaccine. Vaccine dose 
count is higher in the late-onset ankle arthritis case series (47injections) than in the early-onset group 
(25 injections). The comparison of early and late-onset ankle arthritis reveals that the late-onset group 
received a higher number of DNA and RNA vaccine doses (8 DNA/39 RNA doses) compared to the 
early-onset case series (2 DNA/23 RNA doses). Additionally, the mean delay between the last vaccine 
dose and the rheumatological diagnosis is 17 months in the late-onset group, while it is only 0.44 
months in the early-onset case series. The mechanism of COVID-19 vaccines is entirely different from 
that of live attenuated virus vaccines thus rendering the analogical reasoning regarding the potential 
side effects incomplete. Post COVID-19 vaccine late-onset adverse events prompt us to explore 
alternative pathway [18]. In vitro studies demonstrate the integration of RNA spike sequences in 
human cells [19,20]. Spike protein could be the key to fixing the Angiotensin 2 receptors [17,21] and 
Toll-Like receptors 4 and 2 [17,22] implicated in an increased production of pro-inflammatory 
cytokines. Moreover, the strong affinity of Spike protein to Estrogen receptor alpha [5,7] may explain 
why women are mostly involved. The number of injected DNA and RNA vaccine doses and the delay 
between the date of the last vaccine dose and the time of the rheumatological diagnosis might also 
argue that Spike protein could mediate early and delayed adverse events.   

Bradford Hill Criteria  

This observational study satisfies all the Bradford Hill criteria. The high correlation coefficient 
observed in both cohorts and case series demonstrates the coherence and reproducibility of clinical 
and biologicals rheumatologic symptoms that manifest post-vaccination indicating temporality. Most 
of patients experienced adverse events following the 2d or 3d doses and those with delayed onset 
ankle arthritis were vaccinated more frequently than those with early onset symptoms (dose effect). 
Recent works demonstrate the plausibility of the facts and the pro inflammatory potential of spike 
protein  

Conclusions 

When encountering new cases of polymyalgia, arthritis, and particularly bilateral ankle arthritis 
in healthy individuals without any personal or family history of inflammatory diseases, it is essential 
to consider other potential causes of rheumatic or inflammatory diseases alongside post-vaccine 
adverse events. A strong positive result for plasmatic level of anti-Spike protein suggests that these 
rheumatological manifestations might be triggered by inappropriate individual immune responses 
to the vaccine's Spike protein and/or the overproduction of Spike protein, which can mediate a pro-
inflammatory immune response explaining early and late-onset effects tables. 
  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 September 2025 doi:10.20944/preprints202509.0688.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.0688.v1
http://creativecommons.org/licenses/by/4.0/


 7 of 8 

 

Funding: The authors did not receive any grant or any other kind of help for this observational study.  

Institutional Review Board Statement: The study was approved by the ethical board of the Clinique Saint-Jean 
according to the Belgian law. As specified in the observational study protocol submitted to the ethical board, 
anonymous data and clinical features as pictures of the patients were allowed to be collected during the 
consultation. 

Informed Consent Statement: Pictures of the joints were performed during common consultation with the 
consent of the patients.  

Conflicts of Interest: The authors declare no conflict of interest  

References 

1. Polak FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A , Lockhart Set al. Safety and Efficacy of the 
BNT162b2 mRNA Covid-19 Vaccine. N Engl J Med 2020; 383(27):2603-15. 

2. Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak R et al.  Efficacy and Safety of the mRNA-1273 
SARS-CoV-2 Vaccine N Engl J Med 2021;384(5):403-16. 

3. Unal Enginar A. Arthritis following Covid-19 vaccination: report of two cases. Int Immunopharmacol 
2021;101:108256 

4. Chen C-C, Chen C-J, new onset inflammatory arthritis after Covid-19vaccination: A systematic review Int 
J Rheum Dis.2022;00:1-11 

5. Solis 0, Beccari AR, Iaconis D, Talarico C, Ruiz-Bedoya CA, Nwachukwu JC et al: The SARS-CoV-2 spike 
protein binds and modulates estrogen receptors, Sci. Adv. 8, eadd4150 (2022) 30 November 2022 

6. Shinji Izuka, Toshihiko Komai, Bunki Natsumoto, Hirofumi Shoda and Keishi Fujio, Self-limited 
Polymyalgia Rheumatica-like Syndrome Following mRNA-1273 SARS-CoV-2 Vaccination; Intern Med 61: 
903-906, 2022. http://internmed.jp 

7. Pierre-André Jarrot, Adrien Mirouse, Sébastien Ottaviani et al ; Polymyalgia rheumatica and giant cell 
arteritis following COVID-19 vaccination: Results from a nationwide survey; human vaccines & 
immunotherapeutics 2024, vol. 20, no. 1, 2334084 https: //doi.org/10.1080/2164551 . 2024.2334084 

8. Golstein MA, Fagnard O, Steinfeld SD. Reactive arthritis after Covid 19 vaccination: 17 cases. 
Rheumatology 2023Nov 2;62(11):3706-3709 

9. Zeidler H, Hudson AP. Reactive Arthritis Update: Spotlight on New and Rare Infectious Agents Implicated 
as Pathogens Curr Rheumatol Rep 2021;23:53. 

10. bhishek A, de Pablo P, Cader MZ, Buckley CD, Raza K, Filer A. Diagnostic outcomes associated with ankle 
synovitis in early inflammatory arthritis: a cohort study Clin Exp Rheumatol 2014;32:533-8. 

11. 11 Li X, Tong X, Yin Yeung WW, Kuan P, Hin Hei Yum S, Ling Chui CS et al. Two-dose COVID-19 
vaccination and possible arthritis flare among patients with rheumatoid arthritis in Hong Kong Ann 
Rheum Dis 2022;81:564–568. doi:10.1136/annrheumdis-2021-221571 

12. Toshihiko Matsuo, MD, PhD1, Hiroyuki Honda, MD, PhD, Takehiro Tanaka, MD, PhD, Kensuke Uraguchi, 
MD, Masaaki Kawahara, MD, PhD, and Hideharu Hagiya, MD, PhD; COVID-19 mRNA Vaccine–
Associated Uveitis Leading to Diagnosis of Sarcoidosis: Case Report and Review of Literature; Journal of 
Investigative Medicine High Impact Case Reports Volume 10: 1–7, DOI: 10.1177/23247096221086450 

13. Kazuki Tokumasu, Manami Fujita-Yamashita, Naruhiko Sunada, Yasue Sakurada, Koichiro Yamamoto, 
Yasuhiro Nakano, Yui Matsuda, Yuki Otsuka, Toru Hasegawa, Hideharu Hagiya, Hiroyuki Honda and 
Fumio Otsuka; Characteristics of Persistent Symptoms Manifested after SARS-CoV-2 Vaccination: An 
Observational Retrospective Study in a Specialized Clinic for Vaccination-Related Adverse Events; 
Vaccines 2023, 11, 1661. https://doi.org/10.3390/vaccines11111661 

14. Chen Y, Xu Z, Wang P, LI XM, Shuai ZW, Ye DQ, Pan HF. New-onset autoimmune phenomena post 
COVID-19 vaccination. Immunology 2022;165:386-401 

15. Yonker L M, Swank Z, Bartsch YC, Burns MD, Kane A, Boribong B et al. Circulating Spike Protein Detected 
in Post-COVID-19 mRNA Vaccine Myocarditis, circulation 2023, 1 47:867-876 
jan4.doi:10.1161/circulationaha.122.061025.  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 September 2025 doi:10.20944/preprints202509.0688.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.0688.v1
http://creativecommons.org/licenses/by/4.0/


 8 of 8 

 

16. Khoury J, Najjar-Debbiny R, Hanna A, JabbourA, Abu Ahmad Y, Saffuri A et al. Vaccine long term immune 
decline and breakthrough infections, Vaccine. 2021 Nov 26;39(48):6984-6989. doi: 
10.1016/j.vaccine.2021.10.038 

17. ousa Silva MF, Matias Dinelly Pinto AC, de Cassia Evangelista de Oliveira F, Freire Caetano L, Montenegro 
de Carvalho Araujo F, Gambim Fonseca MH. Antibody response 6 months after booster dose of Pfizer in 
previous recipients of CoronaVac, J Med Virol.2022:1-6, DOI: 10.1002/jmv28169 

18. osentino M and Marino F, understanding the pharmacology of Covid -19 mRNA vaccines: playing dice 
with Spike? Int.J.MolSci 2022, 23, 10881.https://doi.org/10.3390//ijms231819881 

19. hang L, Richards A, Immaculada Barrasa M, Hughes SH, Young RA, Jaenisch R . Reverse-transcriptase 
SARS-CoV-2 RNA can integrate into the genome of cultured human cells and can be expressed in patient-
derived tissues PNAS vol. 118 n° 21 https://doi.org/10.1073/ pnas. 2105968118  

20. lden M, Olofsson Falla F, Yang D, Barghouth M, Luan C , Rasmussen M et al. Intracellular Reverse 
Transcription of Pfizer BioNTech COVID-19 mRNA Vaccine BNT162b2 In Vitro in Human Liver Cell Line 
Curr.Issues Mol.Biol.2022,44, 1115-1126, https://doi.org/10.3390/cimb44030073 

21. rowley SD, Rudemiller NP, Immunologic Effects of Renin-Angiotensin System, J Am Soc Nephrol 28: 1350–
1361, 2017 

22. boudounya MM and Heads RJ, COVID-19 and Toll-Like Receptor 4 (TLR4): SARS-CoV-2 May Bind and 
Activate TLR4 to Increase ACE2 Expression, Facilitating Entry and Causing Hyperinflammation, 
Mediators of Inflammation Volume 2021, Article ID 8874339,https://doi.org/10.1155/2021/8874339 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 September 2025 doi:10.20944/preprints202509.0688.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.0688.v1
http://creativecommons.org/licenses/by/4.0/

