

[image: image1]
Outcomes in children with rheumatic diseases following COVID-19 vaccination and infection: data from a large two-center cohort study in Thailand












	
	TYPE Original Research

PUBLISHED 08 June 2023
DOI 10.3389/fped.2023.1194821






[image: image2]

Outcomes in children with rheumatic diseases following COVID-19 vaccination and infection: data from a large two-center cohort study in Thailand

Butsabong Lerkvaleekul1, Sirirat Charuvanij2, Maynart Sukharomana2, Kwanchai Pirojsakul3, Malisa Kamolwatwong1 and Soamarat Vilaiyuk1*

1Division of Rheumatology, Department of Pediatrics, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

2Division of Rheumatology, Department of Pediatrics, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand

3Division of Nephrology, Department of Pediatrics, Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand

EDITED BY
Erkan Demirkaya, Western University, Canada

REVIEWED BY
Mikhail Kostik, Saint Petersburg State Pediatric Medical University, Russia
David Piskin, Lawson Health Research Institute, Canada

*CORRESPONDENCE Soamarat Vilaiyuk soamarat21@hotmail.com

RECEIVED 27 March 2023
ACCEPTED 25 May 2023
PUBLISHED 08 June 2023

CITATION Lerkvaleekul B, Charuvanij S, Sukharomana M, Pirojsakul K, Kamolwatwong M and Vilaiyuk S (2023) Outcomes in children with rheumatic diseases following COVID-19 vaccination and infection: data from a large two-center cohort study in Thailand.
Front. Pediatr. 11:1194821.
doi: 10.3389/fped.2023.1194821

COPYRIGHT © 2023 Lerkvaleekul, Charuvanij, Sukharomana, Pirojsakul, Kamolwatwong and Vilaiyuk. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Introduction: Vaccination against coronavirus disease 2019 (COVID-19) is effective in protecting patients from severe COVID-19 infection. Disease flare-up following immunization in children with rheumatic disorders may result in patient reluctance to receive the vaccine. Underlying rheumatic diseases or the use of immunosuppressive drugs may influence the outcomes of COVID-19 vaccination and infection. We aimed to describe outcomes in children with rheumatic diseases following COVID-19 immunization and infection.



Methods: This retrospective study was performed at two large academic centers in Thailand. During the COVID-19 pandemic, all patients were routinely queried about COVID-19-related conditions. We included patients with rheumatic diseases aged <18 years who received at least one dose of a COVID-19 vaccine or had a history of COVID-19 infection with more than 6 months of recorded follow-up after the last vaccine dose or COVID-19 illness. Demographic information and data on clinical symptoms, disease activity, treatment, outcomes, and COVID-19 vaccination and infection were collected.



Results: A total of 479 patients were included. Most (229; 47.81%) patients had juvenile idiopathic arthritis, followed by connective tissue diseases (189; 39.46%), vasculitis syndromes (42; 8.76%), and other rheumatic diseases (19; 3.97%). Approximately 90% of patients received at least one dose of COVID-19 vaccination, and half of the patients had COVID-19 infection. Among patients, 10.72% and 3.27% developed a flare after COVID-19 vaccination and COVID-19 illness, respectively. Flare severity after COVID immunization and infection was mainly mild to moderate. The predictor of flare after COVID-19 vaccination was the use of prednisolone ≥10 mg/day before vaccination (hazard ratio: 2.04, 95% confidence interval: 1.05–3.97, p = 0.037). Inactive disease before receiving the COVID-19 vaccination was a predictor of inactive status after a flare (hazard ratio: 2.95, 95% confidence interval: 1.04–8.40; p = 0.043). Overall, 3.36% and 1.61% of patients experienced a new onset of rheumatic disease after receiving the COVID-19 vaccine and after COVID-19 infection, respectively.



Conclusion: The COVID-19 vaccine is recommended for children with rheumatic disease, particularly those who are in stable condition. After COVID-19 vaccination, patients—especially those with active disease before vaccination or those receiving concurrent prednisolone doses of ≥10 mg/day—should be closely monitored.
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1. Introduction

During the global coronavirus disease 2019 (COVID-19) pandemic, over 600 million cases of COVID-19 infection were reported globally and over 6.7 million people died—based on data until February 2023 (1). Approximately 4.7 million Thais, including 774,591 children (379,686 children aged <10 years and 394,905 children aged between 10 and 19 years) contracted COVID-19 (2). Of 33,902 fatalities, 126 were children less than 10 years of age and 93 were children 10–19 years of age, indicating that the mortality rate among children was lower than that of adults (1, 3). Although the Thai government implemented several measures to prevent the COVID-19 outbreak (4), vaccination has been the core strategy to prevent COVID-19 infection or lessen its severity. In February 2021, the inactivated vaccine CoronaVac (Sinovac Biotech, Beijing, China) was the first COVID-19 vaccine to launch in Thailand, followed by the inactivated vaccine CorrBBIBP-CorV (Sinopharm, Shanghai, China) and the adenovirus-based vaccine ChAdOx1 nCoV-19 (AstraZeneca, Oxford, UK). In September 2021, the Thai government officially implemented a vaccination campaign with the mRNA vaccine BNT162b2 (Pfizer-BioNTech, New York, NY, USA) for children 12 years and older (5), followed by children aged 5 to 11 years in January 2022 (6), and children aged between 6 months and less than 5 years in October 2022 (7). The mRNA vaccine mRNA1273 (Moderna, Cambridge, MA, USA) is the most recently introduced mRNA vaccine in Thailand and is recommended for children 6 years and older (8).

Most Thai children received BNT162b2, with some parents preferring that their children receive only inactivated vaccines such as CoronaVac or BBIBP-CorV. According to The Royal College of Pediatrics of Thailand, the recommended regimen of BNT162b2 for immunocompromised children is an initial three doses and one booster dose for children aged 5–11 years and two booster doses for children aged 12 to less than 18 years (8). Some children are allowed combination regimens of inactivated and mRNA vaccines. We discovered that approximately 80% of children aged 12–17 years and roughly 50% of children aged 5–11 years received a second dose of the COVID-19 vaccine after the COVID-19 vaccination campaign for children was launched. Only 2% of children aged between 6 months to less than 5 years received the second vaccine dose (9). Following the first detection of the Omicron variant in South Africa in November 2021, approximately 90% of all COVID-19 strains in Thailand were Omicron by February 2022, growing to 100% in April 2022 (10). Although the Omicron variant is less virulent and rarely causes severe infection, it is highly transmissible—especially in school-aged children (11). Because schools reopened in May 2022, the number of infected children and the total number of patients inevitably increased daily despite schools' adherence to government and Ministry of Public Health policies.

Previous studies have reported flare-ups or worsening autoimmune diseases following exposure to COVID-19 infection or vaccination (12–15). The flare rate ranged between 0.4% and 20%, and flare symptoms included arthritis, skin rash, fever, leukopenia, thrombocytopenia, neuropathy, and weakness (16–26). Possible mechanisms of vaccine-induced autoimmunity include molecular mimicry, epitope spreading, bystander activation, and polyclonal activation (27–30). Vaccine components, including adjuvants and preservatives, can also activate the immune response (29). Each type of vaccination can produce side effects through different mechanisms. The mRNA and adenovirus-based vaccines can trigger pattern-recognition receptors, subsequently activating intracellular signaling cascades. This process results in inflammasome activation and the production of type I interferon (31). A previous study discovered that the mRNA vaccine transiently increased DNA damage accumulation, type I interferon expression, and oxidative stress in healthy controls. In contrast, patients with systemic lupus erythematosus (SLE) exhibited persistent increases in type I interferon expression and oxidative stress due to the impairment of nucleotide excision repair pathways (32). This mechanism can lead to autoantibody production and the worsening of SLE disease.

COVID infection further affects patients with autoimmune diseases. Severe acute respiratory syndrome coronavirus (SARS-CoV-2) shares similar structures with self-antigen. Therefore, SARS-CoV-2 can disrupt immunologic tolerance and cause cross-reactivity through a molecular mimicry mechanism (33). Previous studies reported that 33 human peptides cross-reacted with SARS-CoV-2 (34) and that numerous immunoreactive viral epitopes and human proteins are shared (35). These findings support the idea that SARS-CoV-2 may induce cross-reactivity and cause autoimmune conditions. In addition, a previous study reported that only 5 of 988 COVID-19-infected patients had juvenile idiopathic arthritis (JIA) and flare symptoms up to 4 weeks after infection (14). Given the concern about the safety of COVID-19 vaccination in children with rheumatic diseases and the limited data in Southeast Asia on the effect of COVID-19 infection during the Omicron variant phase of the pandemic, we aimed to determine the outcomes in children with rheumatic diseases following COVID-19 vaccination and infection when the Omicron variant was the predominant strain in Thailand.



2. Materials and methods


2.1. Patients and data collection

This retrospective study was performed at two large academic centers in Thailand. Study candidates were patients aged <18 years before diagnosis with rheumatic disease who had regular follow-ups before November 2022 at the Pediatric Rheumatology Clinic at the Faculty of Medicine Ramathibodi Hospital and the Faculty of Medicine Siriraj Hospital, and the Pediatric Nephrology Clinic at the Faculty of Medicine Ramathibodi Hospital, Mahidol University, Bangkok, Thailand. During the COVID-19 pandemic, all patients were routinely queried about their COVID-19 infection and vaccination histories. Patients with rheumatic disease who received at least one dose of the COVID-19 vaccine or had a history of COVID-19 infection with more than 6 months of follow-up time after the last vaccine dose or COVID-19 infection were included in the study. COVID-19 infection in this study was confirmed by SARS-CoV-2 positivity using polymerase chain reaction testing, rapid antigen testing, or both. The following information was extracted from medical records: demographic data, underlying rheumatic diseases, obesity, method of SARS-CoV-2 testing, number and type of COVID-19 vaccines, symptoms, clinical course and outcomes of COVID-19 vaccination and infection, treatment of COVID-19 infection and underlying disease, medications at the time of vaccination and infection, and disease activity before and after COVID-19 vaccination and infection. Body mass index (BMI) was computed as weight (kg) divided by height squared (m2) and reported as a Z-score using World Health Organization Anthro software for children aged less than 5 years (36) and AnthroPlus software for children aged 5–19 years (37). The ethics committees of the Faculty of Medicine Ramathibodi Hospital and the Faculty of Medicine Siriraj Hospital approved this multicenter research study (COA. MURA2022/695), which was conducted under the Declaration of Helsinki. The ethical committees of the institutions waived the requirement for informed consent.



2.2. Disease activity and outcome measures

During the follow-up visit, the Juvenile Arthritis Disease Activity Score-27 (JADAS-27) (38) was used to assess disease activity in patients with JIA. We used the SLE Disease Activity Index 2000 (SLEDAI-2K) (39) to measure SLE disease activity. We used disease-specific criteria to define inactive disease status: Wallace's criteria for JIA (40), the clinical SLEDAI-2K (cSLEDAI-2K) for SLE, excluding anti-double-stranded DNA and complement, and equal to zero regardless of medication (41), Pediatric Rheumatology International Trials Organization criteria for juvenile dermatomyositis (JDM) (42), and the Pediatric Vasculitis Activity Score for primary systemic vasculitis (43, 44). In other rheumatic diseases, the treating expert clinician defined the inactive condition. Remission status was defined as inactive status for at least 1 year regardless of medication.

Flare after COVID-19 vaccination or COVID-19 infection was defined as a flare that occurred within 3 months of receiving any dose of COVID-19 vaccination or having COVID-19 infection with no other flare-related factors. A flare was diagnosed if patients had new or worsening signs of underlying rheumatic disease without de-escalating concurrent medication. Flare severity was described as follows: (1) mild, self-limiting, or did not require escalation of medication; (2) mild to moderate, requiring an increase in the dosage of corticosteroids or immunosuppressants; and (3) severe, requiring an increase in dosages of both corticosteroids and immunosuppressants or biological agents. In our centers, we routinely adjusted medication after COVID-19 immunization during non-active status in accordance with The American College of Rheumatology recommendation (45). However, patients who did not receive the COVID-19 vaccine from our hospital may not have adjusted their medications after receiving the COVID-19 vaccination.



2.3. Statistical analysis

We used IBM SPSS statistics 25 software (IBM Corp., Armonk, NY, USA) and GraphPad Prism 8.3 software (GraphPad Software Inc., La Jolla, California, USA) for data analyses. Continuous variables were presented as mean and standard deviation and categorical variables were presented as numbers and percentages. Non-normally distributed variables were expressed as the median and interquartile range (IQR). The Student t-test (unpaired data) or pair t-test (paired data) was used to compare two groups with continuous data. Categorical data were compared using the χ2 test or Fisher exact test. The probabilities of flare and inactive disease after flare from COVID-19 vaccination were analyzed using the Kaplan–Meier method with the log-rank test. Time to flare using the Kaplan–Meier method was indicated from the last dose of COVID-19 vaccination before symptoms of a flare. Predictive factors of flare and inactive disease after flare from COVID-19 vaccination were analyzed using Cox proportional hazards regression analysis, and the hazard ratio (HR) and confidence interval (CI) were provided. For statistical significance, a two-sided p-value of less than 0.05 was accepted.




3. Results


3.1. Patient characteristics

A total of 479 patients with rheumatic diseases were included in the study. Around half of the patients had JIA, which the majority of these patients having enthesitis-related arthritis (ERA), followed by systemic JIA, oligoarticular (oligo) JIA, and polyarticular JIA with rheumatoid factor (RF) positive (poly-RF-pos) and negative (poly-RF-neg). Around 40% of the participants in this study had connective tissue diseases (CTDs), the majority of whom had SLE, followed by JDM and overlapping syndromes. Nearly 10% of patients had vasculitis, with IgA vasculitis being the most prevalent, followed by Takayasu arteritis. Additional details are presented in Supplementary Table S1. From a total, 315 (65.76%) were female, with a mean age of 13.81 ± 4.30 years. The mean disease duration was 4.84 ± 4.22 years. The mean dose of prednisolone was highest in patients with CTDs. Hydroxychloroquine (HCQ), azathioprine, mycophenolate mofetil, and intravenous cyclophosphamide were frequently used in these patients. Patients with JIA typically received methotrexate (MTX), sulfasalazine, and leflunomide. Most patients with rheumatic diseases in this study did not receive biological agents. Only 65 (13.57%) of patients received biological agents. The most frequently used biological agents were tumor necrosis factor-alpha inhibitors, including adalimumab, etanercept, and infliximab. Of 479 patients included, 32 (6.68%) did not receive COVID-19 vaccination. Four hundred and twenty-nine (89.56%) patients received COVID-19 vaccines after the diagnosis of rheumatic disease, whereas 15 (3.13%) received COVID-19 vaccines within 3 months of their last dose before the diagnosis of rheumatic disease. Only 3 (0.63%) patients received COVID-19 vaccines more than 6 months after their last dose before the diagnosis of rheumatic diseases. Of 479 patients, 230 (48.01%) had no history of COVID-19 infection. Of 249 patients with confirmed COVID-19 infection, 245 (98.39%) had COVID-19 infection after the diagnosis of rheumatic diseases, and 4 (1.61%) had COVID-19 infection before the onset of rheumatic diseases. Most patients received the mRNA vaccines and two doses of COVID-19 vaccination. Additional information regarding the patient characteristics of this study is shown in Table 1.


TABLE 1 Characteristics of children with rheumatic diseases included in the study (n = 479).
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3.2. COVID-19 vaccine-related outcomes in rheumatic diseases

Among 429 patients who received at least one dose of COVID-19 vaccination after having rheumatic diseases, most patients did not have side effects, with around 12% developing a fever and only 5% having pain at the injection site. The details of the side effects of the COVID-19 vaccination in each disease type are provided in Supplementary Table S2. There was no statistical difference between vaccine-associated side effects on the type of disease (p = 0.970) and the treatment (high-dose vs. low-dose prednisolone; p = 0.091). After receiving COVID-19 vaccination, 46 (10.72%) patients developed a disease flare-up (Table 2). Rheumatic diseases in patients with flare included JIA (24; 52.17%), including 2 (8.33%) patients with OligoJIA, 2 (8.33%) with poly-RF-neg, 3 (12.50%) with poly-RF-pos, 12 (50.00%) with ERA, 4 (16.67%) with systemic JIA, and 1 (4.17%) with psoriatic arthritis. Nineteen (41.30%) patients with CTDs had flare, including 17 (89.47%) with SLE and 2 (10.53%) with JDM. Two (4.35%) patients with vasculitis developed a Behçet's disease (BD) flare-up, and one (2.17%) patient had immune-mediated necrotizing myopathy.


TABLE 2 Characteristics of patients who had received at least one dose against COVID-19 (n = 429).
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When we classified patients into flare and non-flare groups, we observed that age, sex, BMI Z-scores, and disease duration before receiving the first COVID-19 vaccination were comparable across the two groups. Substantially distinct frequencies of disease status were observed in the flare and non-flare groups before the first dose of COVID-19 vaccination was received. The vaccine type was the mRNA vaccine, and patients frequently received two to three vaccine doses. Most side effects occurred after receiving the first dose of COVID-19 immunization, and fever was the most common side effect in both groups. The dose of prednisolone at the time of vaccination was substantially higher in the flare group than in the non-flare group (Table 2). The flare group more frequently received sulfasalazine than the non-flare group. The use of other medications (disease-modifying antirheumatic drugs and biological agents) was comparable between the two groups. JADAS-27 and SLEDAI-2K scores before vaccination were similar between patients with flare and non-flare. However, JADAS-27 and SLEDAI-2K scores after vaccination significantly increased in the flare group compared with those in the non-flare group (Table 2). At the end of the study, the mean time to flare after COVID-19 vaccination based on the Kaplan–Meier method was longer in patients receiving prednisolone <10 mg/day compared with that in patients receiving prednisolone ≥10 mg/day (20.47 months, 95% CI: 19.86–21.07 vs. 16.51 months, 95% CI: 14.80–18.22, p = 0.003; Figure 1). Univariate analysis identified two significant covariates: use of prednisolone ≥10 mg/day before vaccination and non-active status (i.e., inactive disease and remission status). After multivariate analysis adjusted for age, sex, obesity, disease duration, disease status, and treatment, the only predictor of flare following the COVID-19 vaccine was the use of prednisolone ≥10 mg/day before vaccination (HR: 2.04, 95% CI: 1.05–3.97, p = 0.037), as shown in Table 3.
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FIGURE 1
Kaplan–Meier analysis of disease flare and attainment of inactive status after disease flare in children with rheumatic diseases following COVID-19 vaccination. All patients with at least one dose of COVID-19 vaccination after having rheumatic diseases (A), the blue line represents patients with prednisolone <10 mg/day group (n = 356) and the red line represents patients with prednisolone ≥10 mg/day group (n = 73). All patients with disease flare after COVID-19 vaccination (B), the blue line represents patients with non-active status (inactive and remission) before COVID-19 vaccination (n = 26) and the red line represents patients with active status before COVID-19 vaccination (n = 20).



TABLE 3 Predictors of disease flare following COVID-19 vaccination in children with rheumatic diseases.
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In the flare group, the mean time to flare after the last dose of COVID-19 vaccination and before flare symptoms was 1.95 ± 0.14 months. Of 46 patients, flare occurred predominantly after the second vaccine dose (26; 56.52%), followed by the first (11; 23.91%) and third (9; 19.57%) doses. The features of flare were as follows: arthritis (52.17%), thrombocytopenia (13.00%), anemia (6.52%), inflammatory or vasculitis rash (10.87%), progressive weakness (2.17%), hepatitis (2.17%), and systemic inflammation (10.87%). Flare severity was mostly mild to moderate (52.17%), followed by mild (26.09%) and severe (21.74%). For the treatment of flares, patients mostly required increased doses of the following therapies: immunosuppressants other than corticosteroids (34.78%), corticosteroids (17.39%), both corticosteroids and immunosuppressants (13.04%), and biologic agents (8.70%). Of 46 flare patients, 26 (56.52%) achieved inactive clinical status after disease flares in a mean time of 5.60 ± 3.15 months. At the end of the study, the mean time to reach clinically inactive disease after disease flare using the Kaplan–Meier method was longer in the patients with active disease before receiving the COVID-19 vaccine than in patients with inactive disease status (12.65 months, 95% CI: 10.18–15.13 vs. 6.34 months, 95% CI: 4.70–8.06, p = 0.002; Figure 1). We conducted a multivariate analysis by selecting significant covariates in the univariate analysis. After adjusting for age, sex, obesity, disease duration, disease status, and treatment, the analysis showed that the predictor of achieving inactive status after disease flare was non-active disease before receiving COVID-19 vaccination (HR: 2.95, 95% CI: 1.04–8.40, p = 0.043; Table 4).


TABLE 4 Predictors of inactive disease after disease flare following COVID-19 vaccination.
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3.3. New-onset rheumatic diseases following the COVID-19 vaccine

Of 447 patients who received at least one dose of COVID-19 vaccination, 15 (3.36%) developed a new onset of rheumatic disease after receiving the vaccine. Most were patients with JIA [8; 53.33%; including ERA (4; 50.00%), poly-RF-pos (2; 25%), poly-RF-neg (1; 12.5%), and OligoJIA (1; 12.5%)], followed by CTDs patients [6; 40.00%; including SLE (4; 66.67%), JDM (1; 16.67%), Sjögren's syndrome (1; 16.67%)], and one (6.67%) patient with neuromyelitis optica (i.e., other rheumatic diseases). All patients received the mRNA vaccine BNT162b2. Of 15 patients, 10 (66.67%) and 5 (33.33%) developed a new onset of rheumatic disease after the second and first COVID-19 vaccine doses, respectively. Three patients had fevers after receiving the first dose of the COVID-19 vaccination. The median time from the last COVID-19 vaccination to the new onset of disease was 2.50 (1.73–2.77) months. The median patient age was 11.50 years (IQR: 10.34–13.72). Two-thirds of patients were female and 26.67% were obese, and the median Z-score was 0.45 (IQR: −0.66–2.23).



3.4. COVID-19 infection-related outcomes in rheumatic diseases

Of 245 patients who had COVID-19 infection, 8 (3.27%) had a disease flare after COVID-19 infection (Table 5). No patients with rheumatic diseases in this study developed multisystem inflammatory syndrome in children after COVID-19 infection. When patients were classified into the flare or non-flare groups, most patients in the flare group had SLE (4; 50%), followed by JIA (2; 25%; one with systemic JIA and one with poly-RF-pos), and vasculitis (2; 25%; one with microscopic polyangiitis and one with IgA vasculitis). Age, the percentage of female patients, and BMI Z-score were comparable between the flare and non-flare groups. Most patients in the flare and non-flare groups had a similar disease status before the COVID-19 infection. JADAS-27 and SLEDAI-2K scores before infection were comparable between patients with flare and non-flare. Nevertheless, the JADAS-27 and SLEDAI-2K scores after infection were significantly higher in the flare group compared with those in the non-flare group (Table 5). The predominant vaccine type was the mRNA vaccine, and patients frequently received two doses of COVID-19 vaccines. Disease duration before COVID-19 infection was similar between the two groups. The amount of prednisolone during COVID-19 infection and the proportion of patients receiving immunosuppressants other than AZA were comparable between the two groups. In the flare group, no patients received biological agents. The symptoms of COVID-19 infection in both groups were fever, cough, and sore throat. The most frequent anti-viral drug was favipiravir, and patients did not require hospital admission. All patients recovered after COVID-19 infection, which lasted fewer than five days based on COVID-19 symptoms. No significant parameters—including doses of prednisolone and disease status before COVID-19 infection—were associated with flares following COVID-19 infection.


TABLE 5 Characteristics of children with rheumatic diseases and COVID-19 infection (n = 245).
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In the flare group, the mean time to flare following COVID-19 infection was 1.13 ± 0.94 months. The features of flares included glomerulonephritis (3; 37.5%), inflammatory or vasculitis rash (2; 25%), arthritis (2; 25%), and autoimmune hemolytic anemia (1; 12.5%). Flare severity was mainly mild to moderate (62.5%), followed by severe (37.5%). In the treatment of the underlying rheumatic disease after the flare, patients primarily required increased doses of the following therapies: immunosuppressants other than corticosteroids (50%), corticosteroids and immunosuppressants (37.5%), and corticosteroids alone (12.5%). Of 8 patients, 5 (62.5%) achieved inactive disease status with a mean duration of 4.26 ± 2.41 months.

Regarding the COVID-19 course, there was no statistical difference between the specific diseases (Supplementary Table S3) and the treatment, including patients receiving high-dose and low-dose prednisolone (Supplementary Table S4) and patients with and without biological treatment (Supplementary Table S5). In addition, the course of COVID-19 infection in patients who developed an infection after vaccination was comparable to that in patients who had COVID-19 infection prior to vaccination (Supplementary Table S6). Most patients had a mild infection with only upper respiratory tract symptoms and recovery within five days. Only three COVID-19 patients had a moderate infection with mild pneumonia and needed only an oxygen canular. All of them were treated with favipiravir. They had already received the vaccination, and none of them had a disease flare. The first case was an inactive SLE who had taken only HCQ. Her recovery time took around 2 weeks. The second case was inactive SJIA, who had taken low-dose prednisolone and MTX. She recovered within 10 days. The third case is inactive oligo JIA, who had taken MTX. Her recovery time was five days.



3.5. New-onset rheumatic diseases following COVID-19 infection

Of 249 patients who had confirmed COVID-19 infection, 4 (1.61%) developed a new onset of rheumatic disease—including ERA, OligoJIA, JDM, and SLE—after having COVID-19 illness. Two patients (50.00%) did not receive a COVID-19 vaccination. The other patients received two doses of BNT162b2; the last dose of the COVID-19 vaccine was received more than 6 months before the onset of symptoms of new rheumatic disease. The mean time between the onset of symptoms of new rheumatic diseases and COVID-19 infection was 2.59 ± 0.23 months. The mean patient age was 11.86 ± 1.65 years, with a similar representation of male and female patients. All patients had normal weight and the mean Z-score was 1.11 ± 0.98. The symptoms of COVID-19 infection of the four patients included fever (100%), cough (50%), sore throat (50%), nasal congestion (25%), and diarrhea (25%). No patient required hospital admission during COVID-19 illness. Two patients received favipiravir, and one patient received herbal medicine. Symptoms of COVID-19 infection resolved for all patients within 5 days of infection.




4. Discussion

We observed that approximately 90% of patients with rheumatic disease received at least two doses of COVID-19 vaccination, and 10% developed disease flares, which were mostly mild to moderate. Roughly 70% of patients with disease flares after COVID-19 vaccination required escalated treatment for their underlying rheumatic conditions. Use of prednisolone ≥10 mg/day was associated with disease flare after COVID-19 vaccination. During the Omicron-predominant phase of the pandemic, approximately half of the patients with rheumatism in our study had COVID-19 infection with mild symptoms, and 3% had a disease flare. However, all patients with disease flare after COVID-19 infection required increased treatment for their underlying rheumatic diseases. The frequency of patients with new-onset autoimmune disease after COVID-19 vaccination and infection was fairly low.

The infection and mortality rates of COVID-19 have varied worldwide (1). Many factors, including the change in the epidemiology of COVID-19 variants over time and varying COVID-19 strategies and vaccination campaigns in each country, contribute to these variations. In addition, the variability in flare rates in rheumatic disease across studies was affected by the number of participants, age, the type of vaccine, COVID-19 strains, the type of rheumatic disease, disease status, and medications. A study of 36 adolescents with rheumatic disease from the European League Against Rheumatism (EULAR) Coronavirus vaccine (COVAX) physician-reported registry showed that only one patient had mild polyarthralgia, suggesting reactogenicity rather than true disease flare, and two of 74 adults with JIA had mild polyarthralgia and uveitis (46). This study showed a lower frequency (2.70%) of disease flares compared with our study (10.27%); this finding may be explained by the fact that most patients in the EULAR COVAX physician-reported registry were in remission. A low flare rate was also reported in a Singapore study, which found a 4.4% flare rate in 159 patients after the second mRNA vaccine (47). Rheumatic patients with inactive or low disease activity were recruited into the Singapore study, whereas nearly half of our patients were still in active disease before receiving COVID-19 vaccination. This may explain the higher flare rate in our study compared with that in previous studies. The higher rate we observed is in line with previous evidence that 18% of adult rheumatic patients in their cohort had a flare, and most patients in the flare group had active disease (13). This evidence further supported that patients with active disease before receiving COVID-19 vaccination had a higher risk of flare (HR: 1.4, 95% CI: 1.2–1.6) (13). Furthermore, our study showed that the use of prednisolone doses ≥10 mg/day at the time of vaccination was a risk factor for flares, as it might indicate that the underlying disease in study patients who received prednisolone doses ≥10 mg/day may not have been truly quiescent despite the lack of active symptoms. The risk of flare-ups after vaccination in previous studies (16, 19, 24) was also associated with a history of disease flare within 6 months of receiving the COVID-19 vaccine, similarly suggesting that the underlying rheumatic disease was not entirely inactive. Consistent with findings from previous studies (13, 16, 18, 20), most patients in our study experienced a mild-to-moderate flare with arthritis as the most prevalent symptom. However, some studies reported no disease flare following COVID-19 vaccination; this finding may be attributable to the small number of study participants (48), or that flares, which were self-reported by patients via the telephone, were underreported (12). We did not identify other factors—including the type of vaccination and other immunosuppressive medications—that were associated with disease flare. Because most of our patients received an mRNA vaccine, we could not compare the flare rate across types of vaccines. To date, the literature has revealed similar flare rates following mRNA or adenovirus-based vaccinations (30). Our study further demonstrated that flares usually occurred after the second vaccine dose, consistent with findings from previous studies (16, 30). The immune response—particularly antibody production—could reasonably increase substantially after the second vaccination dose, making patients susceptible to autoimmune disease flare-ups. Moreover, patients who had minimal flare-up symptoms in the earlier stage of flare and then later developed ongoing severe symptoms may not have been detected if follow-up was brief. Thus, we intended to closely observe patients at least 3 months after their last vaccine dose.

A previous study reported that patients with inflammatory arthritis had a lower frequency of flares compared with those with systemic rheumatic diseases such as SLE and BD (18). This finding was supported by a Turkish study (25), which reported that a higher frequency of flares was associated with BD and familial Mediterranean fever than with other rheumatic diseases. Another study mentioned that the presence of more than one rheumatic disease was associated with a risk of flare-ups (49). Our study had very few cases of BD and autoinflammatory diseases; therefore, no significant difference was observed in flare-ups after vaccination between the types of rheumatic disease, consistent with findings from previous reports (19, 30).

A previous EULAR recommendation stated that COVID-19 vaccination should be given to patients with inactive rheumatic disease to avoid flare-ups (50). However, immunizing patients with active rheumatic diseases during the COVID-19 pandemic is necessary for preventing severe infection. Therefore, physicians should be aware of flare-ups in those with active disease at the time of COVID-19 vaccination. Duration to the attainment of inactive disease after flare-ups varied between studies. We observed that half of the patients required roughly 6 months to reach inactive disease status. In addition, patients who were inactive or in remission before receiving the COVID-19 vaccine could reach inactive status faster than patients who had active disease before receiving the vaccine. Only one-quarter of study patients had self-limiting symptoms; the remaining patients required increases in the dose of their medications, consistent with findings from the adult study in Singapore (13). Our results indicated that patients often develop flares roughly 2 months after COVID-19 vaccination; therefore, physicians should closely monitor these patients during this period.

The severity of COVID-19 infection varied over time because of the different SAR-CoV-2 variants. Until now, the infection rate of the Omicron variant has been increasing, and the mortality rate has been low. Moreover, infection severity depends on the type and status of rheumatic diseases. A study in early 2020 in China reported that the length of hospital stay and mortality rate in patients with rheumatic diseases were similar to those in patients without rheumatism—except for respiratory failure, which was more common in patients with rheumatic diseases (51). In the study by the European Alliance of Associations for Rheumatology COVID-19 Registry, the Childhood Arthritis and Rheumatology Research Alliance (CARRA) Registry, and the CARRA-sponsored COVID-19 Global Paediatric Rheumatology Database that recruited patients from early 2020 to mid-2021, 43 (7%) of 607 patients were hospitalized. Among these patients, three died, two had active SLE, and one had an auto-inflammatory syndrome. This study reported that SLE, mixed connective tissue disease, vasculitis, autoinflammatory syndrome, and obesity were risk factors for hospitalization (52). During the same period, data from the National Paediatric Rheumatology Database in Germany reported 76 patients with rheumatic diseases and showed that most patients had mild symptoms and had a good recovery. Only two patients were hospitalized, and one died from cardiorespiratory failure. This German database study did not find disease flare following COVID-19 infection (53). In contrast to findings from previous studies, most of the 245 patients with rheumatism and COVID-19 infection in our cohort had mild symptoms, and all recovered. This may be because most infected cases in our study occurred during the Omicron phase of the pandemic and after patients had received COVID-19 vaccination. However, disease flares after COVID-19 infection are still a concern. Only 5 of 988 patients with JIA reported disease flares in the German study. All patients were regularly followed and had inactive disease before infection. The flare developed roughly 3–4 weeks after infection. Arthritis was the only flare symptom in these patients and all patients required additional treatment (14). Only a low incidence of rheumatic disease flare after COVID-19 infection was reported in children (54). This low flare rate was confirmed in our study, which indicated a flare rate of only 3.27%. However, most patients required additional treatment after the flare. The type of rheumatic disease, disease activity, and concurrent medications were not factors associated with flare in our study.

The development of new-onset autoimmune disease after COVID-19 infection and vaccination is also a concern. Besides molecular mimicry, the production of autoantibodies, including ANA, anti-Ro, ANCA, RF, and antiphospholipid antibodies after COVID-19 infection, was reported in several studies (55–58). Moreover, COVID-19 infection can induce immune reactions, including excessive cytokine production, leading to bystander activation (59). As in the pathogenesis of SLE, the production of neutrophil extracellular traps was also reported in patients infected with COVID-19 (60). However, the true incidence of new-onset autoimmune disease is still unknown. One systematic review of the new onset of autoimmune diseases showed that most of these diseases were vasculitis and arthritis, followed by idiopathic inflammatory myopathies and SLE (61). Although a very low incidence of new-onset autoimmune disease was observed in our study, JIA was the most common, followed by SLE; vasculitis was not observed. This finding may be explained by the higher prevalence of patients with SLE in our region than in the European and American reports. Although COVID-19 infection and vaccination may trigger the new onset of autoimmune disease through several mechanisms, the genetic susceptibility of these post-COVID-19 rheumatic patients is a crucial factor (62) that must be explored in further studies.

The main limitations of this study were its retrospective study design and the small number of enrolled patients—especially those with rheumatic disease and confirmed COVID-19 infection. However, we collected routinely available data from two large tertiary-care centers, thus avoiding missing data. Moreover, we routinely assessed the disease activity of patients with rheumatism during their visits, resulting in the collection of JADAS-27 and SLEDAI-2K scores before and following COVID-19 vaccination and infection.



5. Conclusion

In our cohort, roughly 10% of patients with rheumatic diseases had disease flare after at least one dose of the COVID-19 vaccine. Flare severity was mostly mild to moderate. Immunization in patients with rheumatic diseases remains highly recommended, given that the benefits of COVID-19 vaccination outweigh the risks. However, pediatric rheumatologists should monitor patients—especially those who receive concurrent prednisolone ≥10 mg/day or have active disease—when administering COVID-19 vaccination. Our study was during the Omicron-predominant phase of the pandemic. Study patients with rheumatic diseases had mild symptoms of COVID-19 illness, and 3% had a disease flare. The frequency of patients with new-onset rheumatic disease following COVID-19 vaccination and infection was low.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by The Ethics Committee of the Faculty of Medicine Ramathibodi Hospital and the Faculty of Medicine Siriraj Hospital, Mahidol University. Written informed consent from the participants’ legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements.



Author contributions

BL, SC, MS, and SV: contributed to the study conception and design. BL, SC, MS, KP, MK, and SV: collected data. BL, SC, MS, and SV: conducted the data analysis. BL, SC, MS, KP, MK, and SV: contributed to data interpretation and writing and critically revised the manuscript. All authors contributed to the article and approved the submitted version.



Acknowledgments

The authors thank Anahid Pinchis from Edanz Group (www.edanzediting.com/ac) for English language editing. BL and SV received the Research Career Development Award from the Faculty of Medicine, Ramathibodi Hospital. The authors also thank Puripat Reakatanan and Athipat Reakatanan of King Mongkut's Institute of Technology Ladkrabang International Demonstration School for their assistance in the study and technical support with WHO Anthro and AnthroPlus software.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fped.2023.1194821/full#supplementary-material



References

1. Worldometer. COVID live-coronavirus statistics (2023). Available at: https://www.worldometers.info/coronavirus (Accessed February 22, 2023).

2. The Ministry of Public Health of Thailand. The cumulative COVID-19 infected cases in Thailand (2023). Available at: https://ddc.moph.go.th/covid19-daily-dashboard/?dashboard=select-trend-line (Accessed February 22, 2023).

3. The Ministry of Public Health of Thailand. The cumulative COVID-19 death cases in Thailand (2023). Available at: https://ddc.moph.go.th/covid19-daily-dashboard/?dashboard=death-statistics (Accessed February 22, 2023).

4. Nittayasoot N, Suphanchaimat R, Thammawijaya P, Jiraphongsa C, Siraprapasiri T, Ploddi K, et al. Real-world effectiveness of COVID-19 vaccines against severe outcomes during the period of omicron predominance in Thailand: a test-negative nationwide case-control study. Vaccines. (2022) 10:12. doi: 10.3390/vaccines10122123

5. Department of Disease Control, The Ministry of Public Health of Thailand. Guideline for COVID-19 vaccination in children aged more than 12 years (2021). Available at: https://ddc.moph.go.th/dcd/journal_detail.php?publish=11769 (Accessed February 22, 2023).

6. Department of Disease Control, The Ministry of Public Health of Thailand. Guideline for COVID-19 vaccination in children aged 5–11 years (2022). Available at: https://ddc.moph.go.th/vaccine-covid19/getFiles/11/1645689088942.pdf (Accessed February 22, 2023).

7. Department of Disease Control, The Ministry of Public Health of Thailand. Guideline for COVID-19 vaccination in children 6 months to 4 years (2022). Available at: https://ddc.moph.go.th/dcd/journal_detail.php?publish=13162 (Accessed February 22, 2023).

8. Pediatric Society of Thailand and The Royal College of Pediatricians of Thailand. Guideline for COVID-19 vaccination in children and adolescents No.7 (2022). Available at: https://www.thaipediatrics.org/?p=1761 (Accessed February 22, 2023).

9. Department of Disease Control, The Ministry of Public Health of Thailand. The cumulative COVID-19 vaccination coverage in Thailand (2023). Available at: https://ddc.moph.go.th/vaccine-covid19/diaryPresentMonth/02/10/2023 (Accessed February 22, 2023).

10. Department of Medical Sciences. SAR-CoV-2 variants in Thailand (2022). Available at: https://drive.google.com/drive/folders/13k14Hs61pgrK8raSMS9LFQn83PKswS-b (Accessed February 22, 2023).

11. Brussow H. COVID-19: omicron - the latest, the least virulent, but probably not the last variant of concern of SARS-CoV-2. Microb Biotechnol. (2022) 15:1927–39. doi: 10.1111/1751-7915.14064

12. Arslanoglu Aydin E, Baglan E, Bagrul I, Tuncez S, Ozdel S, Bulbul M. Safety of COVID-19 vaccines and disease flares after vaccines in children with rheumatic disease. Postgrad Med. (2022) 134:616–21. doi: 10.1080/00325481.2022.2074700

13. Ma M, Santosa A, Fong W, Chew LC, Low AH, Law A, et al. Post-mRNA vaccine flares in autoimmune inflammatory rheumatic diseases: results from the coronavirus national vaccine registry for immuNe diseases Singapore (CONVIN-SING). J Autoimmun. (2023) 134:102959. doi: 10.1016/j.jaut.2022.102959

14. Hugle B, Krumrey-Langkammerer M, Haas JP. Infection with SARS-CoV-2 causes flares in patients with juvenile idiopathic arthritis in remission or inactive disease on medication. Pediatr Rheumatol Online J. (2021) 19:163. doi: 10.1186/s12969-021-00653-8

15. 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 adolescents with rheumatic diseases treated with immunomodulatory medications. Rheumatology. (2022) 61:4263–72. doi: 10.1093/rheumatology/keac103

16. Zavala-Flores E, Salcedo-Matienzo J, Quiroz-Alva A, Berrocal-Kasay A. Side effects and flares risk after SARS-CoV-2 vaccination in patients with systemic lupus erythematosus. Clin Rheumatol. (2022) 41:1349–57. doi: 10.1007/s10067-021-05980-5

17. Cherian S, Paul A, Ahmed S, Alias B, Manoj M, Santhosh AK, et al. Safety of the ChAdOx1 nCoV-19 and the BBV152 vaccines in 724 patients with rheumatic diseases: a post-vaccination cross-sectional survey. Rheumatol Int. (2021) 41:1441–5. doi: 10.1007/s00296-021-04917-0

18. Fan Y, Geng Y, Wang Y, Deng X, Li G, Zhao J, et al. Safety and disease flare of autoimmune inflammatory rheumatic diseases: a large real-world survey on inactivated COVID-19 vaccines. Ann Rheum Dis. (2022) 81:443–5. doi: 10.1136/annrheumdis-2021-221736

19. Connolly CM, Ruddy JA, Boyarsky BJ, Barbur I, Werbel WA, Geetha D, et al. Disease flare and reactogenicity in patients with rheumatic and musculoskeletal diseases following two-dose SARS-CoV-2 messenger RNA vaccination. Arthritis Rheumatol. (2022) 74:28–32. doi: 10.1002/art.41924

20. Haslak F, Gunalp A, Cebi MN, Yildiz M, Adrovic A, Sahin S, et al. Early experience of COVID-19 vaccine-related adverse events among adolescents and young adults with rheumatic diseases: a single-center study. Int J Rheum Dis. (2022) 25:353–63. doi: 10.1111/1756-185X.14279

21. Braun-Moscovici Y, Kaplan M, Braun M, Markovits D, Giryes S, Toledano K, et al. Disease activity and humoral response in patients with inflammatory rheumatic diseases after two doses of the pfizer mRNA vaccine against SARS-CoV-2. Ann Rheum Dis. (2021) 80:1317–21. doi: 10.1136/annrheumdis-2021-220503

22. Barbhaiya M, Levine JM, Bykerk VP, Jannat-Khah D, Mandl LA. Systemic rheumatic disease flares after SARS-CoV-2 vaccination among rheumatology outpatients in New York city. Ann Rheum Dis. (2021) 80:1352–4. doi: 10.1136/annrheumdis-2021-220732

23. Spinelli FR, Favalli EG, Garufi C, Cornalba M, Colafrancesco S, Conti F, et al. Low frequency of disease flare in patients with rheumatic musculoskeletal diseases who received SARS-CoV-2 mRNA vaccine. Arthritis Res Ther. (2022) 24:21. doi: 10.1186/s13075-021-02674-w

24. Felten R, Kawka L, Dubois M, Ugarte-Gil MF, Fuentes-Silva Y, Piga M, et al. Tolerance of COVID-19 vaccination in patients with systemic lupus erythematosus: the international VACOLUP study. Lancet Rheumatol. (2021) 3:e613–5. doi: 10.1016/S2665-9913(21)00221-6

25. Ozdede A, Guner S, Ozcifci G, Yurttas B, Toker Dincer Z, Atli Z, et al. Safety of SARS-CoV-2 vaccination in patients with Behcet’s syndrome and familial Mediterranean fever: a cross-sectional comparative study on the effects of M-RNA based and inactivated vaccine. Rheumatol Int. (2022) 42:973–87. doi: 10.1007/s00296-022-05119-y

26. Izmirly PM, Kim MY, Samanovic M, Fernandez-Ruiz R, Ohana S, Deonaraine KK, et al. Evaluation of immune response and disease status in systemic lupus erythematosus patients following SARS-CoV-2 vaccination. Arthritis Rheumatol. (2022) 74:284–94. doi: 10.1002/art.41937

27. Albert LJ, Inman RD. Molecular mimicry and autoimmunity. N Engl J Med. (1999) 341:2068–74. doi: 10.1056/NEJM199912303412707

28. Kivity S, Agmon-Levin N, Blank M, Shoenfeld Y. Infections and autoimmunity–friends or foes? Trends Immunol. (2009) 30:409–14. doi: 10.1016/j.it.2009.05.005

29. Agmon-Levin N, Paz Z, Israeli E, Shoenfeld Y. Vaccines and autoimmunity. Nat Rev Rheumatol. (2009) 5:648–52. doi: 10.1038/nrrheum.2009.196

30. Xie Y, Liu Y, Liu Y. The flare of rheumatic disease after SARS-CoV-2 vaccination: a review. Front Immunol. (2022) 13:919979. doi: 10.3389/fimmu.2022.919979

31. Teijaro JR, Farber DL. COVID-19 vaccines: modes of immune activation and future challenges. Nat Rev Immunol. (2021) 21:195–7. doi: 10.1038/s41577-021-00526-x

32. Ntouros PA, Vlachogiannis NI, Pappa M, Nezos A, Mavragani CP, Tektonidou MG, et al. Effective DNA damage response after acute but not chronic immune challenge: SARS-CoV-2 vaccine versus systemic lupus erythematosus. Clin Immunol. (2021) 229:108765. doi: 10.1016/j.clim.2021.108765

33. Liu Y, Sawalha AH, Lu Q. COVID-19 and autoimmune diseases. Curr Opin Rheumatol. (2021) 33:155–62. doi: 10.1097/BOR.0000000000000776

34. Venkatakrishnan AJ, Kayal N, Anand P, Badley AD, Church GM, Soundararajan V. Benchmarking evolutionary tinkering underlying human-viral molecular mimicry shows multiple host pulmonary-arterial peptides mimicked by SARS-CoV-2. Cell Death Discov. (2020) 6:96. doi: 10.1038/s41420-020-00321-y

35. Kanduc D. From anti-SARS-CoV-2 immune responses to COVID-19 via molecular mimicry. Antibodies. (2020) 9:33. doi: 10.3390/antib9030033

36. WHO Anthro Survey Analyser: Software for analysing survey anthropometric data for children under 5 years of age. Built-in software edition. Version 1.0. Geneva, World Health Organization, (2018). Available at: https://www.who.int/tools/child-growth-standards/software (Accessed February 22, 2023).

37. WHO AnthroPlus software for the global application of the WHO Reference for 5–19 years to monitor the growth of school-age children and adolescents (2007). Available at: https://www.who.int/tools/growth-reference-data-for-5to19-years/application-tools (Accessed February 22, 2023).

38. Consolaro A, Giancane G, Schiappapietra B, Davi S, Calandra S, Lanni S, et al. Clinical outcome measures in juvenile idiopathic arthritis. Pediatr Rheumatol Online J. (2016) 14:23. doi: 10.1186/s12969-016-0085-5

39. Gladman DD, Ibanez D, Urowitz MB. Systemic lupus erythematosus disease activity index 2000. J Rheumatol. (2002) 29:288–91.11838846.11838846

40. Wallace CA, Giannini EH, Huang B, Itert L, Ruperto N, Childhood Arthritis Rheumatology Research Allianceet al.American College of rheumatology provisional criteria for defining clinical inactive disease in select categories of juvenile idiopathic arthritis. Arthritis Care Res. (2011) 63:929–36. doi: 10.1002/acr.20497

41. Lerkvaleekul B, Apiwattanakul N, Tangnararatchakit K, Jirapattananon N, Srisala S, Vilaiyuk S. Associations of lymphocyte subpopulations with clinical phenotypes and long-term outcomes in juvenile-onset systemic lupus erythematosus. PLoS One. (2022) 17:e0263536. doi: 10.1371/journal.pone.0263536

42. Lazarevic D, Pistorio A, Palmisani E, Miettunen P, Ravelli A, Pilkington C, et al. The PRINTO criteria for clinically inactive disease in juvenile dermatomyositis. Ann Rheum Dis. (2013) 72:686–93. doi: 10.1136/annrheumdis-2012-201483

43. Dolezalova P, Price-Kuehne FE, Ozen S, Benseler SM, Cabral DA, Anton J, et al. Disease activity assessment in childhood vasculitis: development and preliminary validation of the paediatric vasculitis activity score (PVAS). Ann Rheum Dis. (2013) 72:1628–33. doi: 10.1136/annrheumdis-2012-202111

44. Aeschlimann FA, Eng SWM, Sheikh S, Laxer RM, Hebert D, Noone D, et al. Childhood takayasu arteritis: disease course and response to therapy. Arthritis Res Ther. (2017) 19:255. doi: 10.1186/s13075-017-1452-4

45. Curtis JR, Johnson SR, Anthony DD, Arasaratnam RJ, Baden LR, Bass AR, et al. American college of rheumatology guidance for COVID-19 vaccination in patients with rheumatic and musculoskeletal diseases: version 3. Arthritis Rheumatol. (2021) 73:e60–e75. doi: 10.1002/art.41928

46. Lawson-Tovey S, Machado PM, Strangfeld A, Mateus E, Gossec L, Carmona L, et al.. SARS-CoV-2 vaccine safety in adolescents with inflammatory rheumatic and musculoskeletal diseases and adults with juvenile idiopathic arthritis: data from the EULAR COVAX physician-reported registry. RMD Open (2022) 8:e002322. doi: 10.1136/rmdopen-2022-002322

47. Yeo JG, Chia WN, Teh KL, Book YX, Hoh SF, Gao X, et al. Robust neutralizing antibody response to SARS-CoV-2 mRNA vaccination in adolescents and young adults with childhood-onset rheumatic diseases. Rheumatology. (2022) 61:4472–81. doi: 10.1093/rheumatology/keac105

48. Dimopoulou D, Spyridis N, Vartzelis G, Tsolia MN, Maritsi DN. Safety and tolerability of the COVID-19 messenger RNA vaccine in adolescents with juvenile idiopathic arthritis treated with tumor necrosis factor inhibitors. Arthritis Rheumatol. (2022) 74:365–6. doi: 10.1002/art.41977

49. Pinte L, Negoi F, Ionescu GD, Caraiola S, Balaban DV, Badea C, et al. COVID-19 vaccine does not increase the risk of disease flare-ups among patients with autoimmune and immune-mediated diseases. J Pers Med. (2021) 11:1283. doi: 10.3390/jpm11121283

50. Furer V, Rondaan C, Heijstek MW, Agmon-Levin N, van Assen S, Bijl M, et al. 2019 update of EULAR recommendations for vaccination in adult patients with autoimmune inflammatory rheumatic diseases. Ann Rheum Dis. (2020) 79:39–52. doi: 10.1136/annrheumdis-2019-215882

51. Ye C, Cai S, Shen G, Guan H, Zhou L, Hu Y, et al. Clinical features of rheumatic patients infected with COVID-19 in Wuhan, China. Ann Rheum Dis. (2020) 79:1007–13. doi: 10.1136/annrheumdis-2020-217627

52. Kearsley-Fleet L, Chang ML, Lawson-Tovey S, Costello R, Fingerhutova S, Svestkova N, et al. Outcomes of SARS-CoV-2 infection among children and young people with pre-existing rheumatic and musculoskeletal diseases. Ann Rheum Dis. (2022) 81:998–1005. doi: 10.1136/annrheumdis-2022-222241

53. Sengler C, Eulert S, Minden K, Niewerth M, Horneff G, Kuemmerle-Deschner J, et al. Clinical manifestations and outcome of SARS-CoV-2 infections in children and adolescents with rheumatic musculoskeletal diseases: data from the national paediatric rheumatology database in Germany. RMD Open. (2021) 7:e001687. doi: 10.1136/rmdopen-2021-001687

54. Sozeri B, Demir F, Kalin S, Hasbal Akkus C, Sali E, Cakir D. SARS-CoV-2 infection in children with rheumatic disease: experience of a tertiary referral center. Arch Rheumatol. (2021) 36:381–8. doi: 10.46497/ArchRheumatol.2021.8603

55. Gazzaruso C, Carlo Stella N, Mariani G, Nai C, Coppola A, Naldani D, et al. High prevalence of antinuclear antibodies and lupus anticoagulant in patients hospitalized for SARS-CoV2 pneumonia. Clin Rheumatol. (2020) 39:2095–7. doi: 10.1007/s10067-020-05180-7

56. Zhou Y, Han T, Chen J, Hou C, Hua L, He S, et al. Clinical and autoimmune characteristics of severe and critical cases of COVID-19. Clin Transl Sci. (2020) 13:1077–86. doi: 10.1111/cts.12805

57. Woodruff MC, Ramonell RP, Haddad NS, Anam FA, Rudolph ME, Walker TA, et al. Dysregulated naive B cells and de novo autoreactivity in severe COVID-19. Nature. (2022) 611:139–47. doi: 10.1038/s41586-022-05273-0

58. Pascolini S, Vannini A, Deleonardi G, Ciordinik M, Sensoli A, Carletti I, et al. COVID-19 and immunological dysregulation: can autoantibodies be useful? Clin Transl Sci. (2021) 14:502–8. doi: 10.1111/cts.12908

59. Lee HG, Cho MZ, Choi JM. Bystander CD4+ T cells: crossroads between innate and adaptive immunity. Exp Mol Med. (2020) 52:1255–63. doi: 10.1038/s12276-020-00486-7

60. Zuo Y, Yalavarthi S, Shi H, Gockman K, Zuo M, Madison JA, et al. Neutrophil extracellular traps in COVID-19. JCI Insight. (2020) 5:e138999. doi: 10.1172/jci.insight.138999

61. Gracia-Ramos AE, Martin-Nares E, Hernandez-Molina G. New onset of autoimmune diseases following COVID-19 diagnosis. Cells. (2021) 10:3592. doi: 10.3390/cells10123592

62. Ahmed S, Zimba O, Gasparyan AY. COVID-19 and the clinical course of rheumatic manifestations. Clin Rheumatol. (2021) 40:2611–9. doi: 10.1007/s10067-021-05691-x



OPS/images/fped-11-1194821-t002.jpg
Characteristics

Flare Non-flare
(n=46) | (n=383)

diseases, n (%)

p-value

24 (52.17) | 181 (47.26)

19 (4130) | 157 (40.99)

Vasculitis

2 (435) 30 (7.83)

Other

1217 15 (3.92)

Female, n (%)

29 (63.04) | 257 (67.10)

Age, years

14374389 | 14154414

Disease duration, years

4144306 | 5024371

Obesity, n (%)

7 (1522) 51(13.32)

BMI Z-score

0264161 | 0534155

n (%)

Prednisolone dose, mg/day

6634149 | 3574034

Hydroxychloroquine

19 (41.30) | 137 (3577)

20 (4348) | 130 (33.99)

Sulfasalazine

15 (3261) | 52 (13.58)

Azathioprine
MME

1@17) 7 (183)
4 (8.70) 20 (5.22)

Cyclosporin

2 (435) 5(131)

ey

1217 28 (7.31)

Leflunomide

1217 13 (3.39)

Tacrolimus

00 2(052)

agents, n (%)

Etanercept

2(433) 19 (1.96)

Adalimumab.

4 (8.70) 21 (5.48)

Infliximab

1(17) 0(0)

Tocilizumab

2(435) 10 261)

Rituximab

0(0) 1(026)

Disease status before

n (%)

Active

20 (43.48) | 100 (26.11)

Inactive

24 (5217) | 154 (4021

Remission

1(35) | 129 (3368)

Total doses of COVID-19

n (%)°

1 dose

5 (10.87) 17 (4.44)

2 doses
3 doses

19 (4130) | 216 (56.40)
21 (4565) | 130 (33.99)

4 doses
5 doses

117 18 (4.70)
00 2(05)

type, n (%)

Inactive

00 6 (157)

Adenovirus vector

0(0) 1(026)

42 (9130) | 310 (80.94)

4 (870 66 (17.23)

Adjust medication after vaccination, n (%)

6 (13.04) 52 (13.58)

Disease activity scores before and after

JADAS-27 before vaccination

4744489 | 4094514

SLEDAI-2K before vaccination

1474174 | 1541245

JADAS-27 affer vaccination

5954602 | 2814411

SLEDAI-2K after vaccination

2654283 | 1094172

Data are presented as mean + standard deviation. JIA, juvenile idiopathic arthritis;
CTDs, connective tissue diseases; BMI, body mass index; IVCY, intravenous
cyclophosphamide; MMF, mycophenolate mofetil; JADAS, arthritis disease
activity score; SLEDAI-2K, systemic lupus erythematosus disease activity index
2000; COVID-19, coronavirus disease 2019.

*A value of p <0.05 was considered to indicate statistical significance.

“The total number of COVID-19 vaccinations that each patient had received.





OPS/images/fped-11-1194821-t003.jpg
Predictive factors | Univariate analysis Multivariate
analysis

95%Cl| p- HR|95% CI| p-
value value
Age 092-1.07

Sex 19| 065-2.16

Receiving prednisolone 132-454 04| 105-397
210 mg/day

Active disease before .07 | 1.14-3.73 66 | 0.87-3.13
vaccination

Obesity 053-2.28

Disease duration <2 years 0.75-2.84
Biologic agent 54 074-3.19

Adjust medication 039-2.16

HR, hazard ratio; C, confidence interval; COVID-19, coronavirus disease 2019.
Data were analyzed by Cox proportional hazards regression analysis.
" vkl of b < 0.05 was corsidersd 5 indicate statietical sionificancs.





OPS/images/fped-11-1194821-t004.jpg
Predictive factors | Univariate analysis Multivariate
alysis

HR | 95% CI p- HR | 95% CI | p-

value value
Age 0.94-1.15 | 049
Sex. 54| 070336 | 028
Receiving prednisolone 134-1486 | 0015 | 268 074-973
<10 mg/day
Non-active disease 425 160-1130 | 0004 | 295 104-8.40
before vaccination”
Obesity 108 | 037-3.18
Disease duration <2 years | 131 | 0.55-3.13
Biologic agent 109 | 041-289
Adjust medication 112 038-330

HR, hazard ratio; C, confidence interval; COVID-19, coronavirus disease 2019.
Data were analyzed by Cox proportional hazards regression analysis.

°A value of p <0.05 was considered to indicate statistical significance.
"Non-active disease includes patients with inactive status and those in remission.
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Characteristics p-value

Underlying rheumatic diseases, n (%)
na 205 | 107 @515
CIDs 4(50) 93 (39.24)
Vasculitis 225 25 (10.55)
Others 0(0) 12 (5.06)

data
Female, n (%) 6 (75)

164 (69.20)

Disease activity scores before and after infection
JADAS-27 before infection 5283 4.58+5.98 092
SLEDAI-2K before infection 0.67=1.16 156 2.

7 052

Age, years 1447 £ 409 1328 £8.90 071
Disease duration, years 432346 4782378 | 073 l
Obesity, 7 (%) 2(25) 36 (15.25) 065
BMI Z-score 0.56 =134 0.51+159 093
n (%)
Prednisolone dose, mg/day 406421 370724 089
Hydroxychloroquine 3(37.5) 75 (31.65) 071
Methotrexate 1(125) 93 (39.24) 016
Sulfasalazine 1(125) 32 (13.50) 1.00
Azathioprine 4(50) 35 (14.77) 0025
MMF 0 12 (5.06) 100
Cyclosporin 00 6(253) 100
ey 1(125) 8 (338) 026
Leflunomide 0(0) 9(380) | 100
Tacrolimus 0(0) 1(042) 100
agents, n (%)
Etanercept 0 13 (549) 100
Adalimumab 0 12 (5.06)
Infliximab 0(0) 1(042)
Tocilizamab 0 6(253)
Disease status before infection, n (%)
Active 2(25) 78 (32.91) 089
Inactive 4 (50) 102 (43.04)
Remission 2 (25) 57 (24.05)
Total doses of COVID-19 vaccination®
None 2(25) 28 (1181) 058
1 dose 1(125) 17 (7.17)
2 doses 4 (50) 102 (43.04)
3 doses 1(125) 80 (33.76)
4 doses 0(0) 10 (4.22)
type, n (%)
Inactive 0 4(169) 092
mRNA 5(62.5) 163 (68.78)
Mixed 1(125) 42 (17.72) ‘

JADAS-27 after infection 1250 +2.12 3.85+558 0.031*
SLEDAI-2K after infection 6.5+ 444 1.63 +2.49 0.001*
of COVID-19 infection, n (%)
6 (75) 172 (72.57) 1.00
6 (75) 146 (61.60) 0.71
Sore throat 4 (50) 123 (51.90) 1.00
Nasal congestion 6 (75) 124 (52.32) 0.29
Headache ) e | on
Pneumonia 00 3027) 100
Diarrhea/vomiting 0(0) 12 (5.06) 1.00
for COVID-19 infection, n (%)
Favipiravir 2 (25 110 (46.41) 0.29
00 8(338) 100
Herb (andrographolide) 2(25) 31 (13.08) 029
Oxygen therapy 00 3027) 100
Ward admission 00 13 (5.49) 100
Home isolation 8 (100) 224 (94.51) 1.00
Outcome of COVID-19 infection, n (%)
Recovery 8 (100) 232 (97.89) 1.00
Long COVID 0(0) 5(211)
Day of recovery® 450293 4.42+252 093

Data are presented as mean + standard deviation. JIA, juvenile idiopathic arthrits;
CTDs, connective tissue diseases: BMI, body mass index; IVCY, intravenous
cyclophosphamide; MMF, mycophenolate mofetil; JADAS, juvenile arthriti
disease activity score; SLEDAI-2K, systemic lupus erythematosus disease activity
index 2000; COVID-19, coronavirus disease 2019.

°A value of p <0.05 was considered to indicate statistical significance.

*The total number of COVID-19 vaccinations that each patient had received.
“Day of recovery means duration of patients recovered from COVID-19 infection
based on clinical symptoms.
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Characteristics JIA (n=229) CTDs (n=189) Vasculitis (n=42) Others (n=19)
Age, years 1356423 1490 +3.98 1174 %453 1050 +4.27
Female sex, (%) 120 (52.40) 156 (82.54) 24 (57.14) 15 (78.94)
Disease duration, years 531379 451361 426302 361281

n (%)
Prednisolone dose, mg/day 178040 6.870.60 117051 383174
Hydroxychloroquine 14 (6.11) 154 (81.48) 0(0) 00
Methotrexate 134 (58.52) 17 (8.99) 7 (16.67) 8 (42.11)
Sulfasalazine 70 (30.57) 0(0) 0(0) 00
Azathioprine 6 (2.62) 63 (33.33) 4(9.52) 2 (10.53)
MMF 2(087) 24 (12.70) 00 1(526)
Cyclosporin 2 (0.87) 8 (4.23) 0 (0) 1(5.26)
ey 0(0) 29 (1534) 0(0) 1(5.26)
Leflunomide 15 (655) 1(053) 00 00
‘Tacrolimus 0(0) 2 (1.06) 0(0) 0(0)
agents, n (%)
Etanercept 21 (9.17) 0(0) 0(0) 0(0)
Adalimumab 25 (10.92) 0(0) 0(0) 3(1579)
Infliximab 1(0.44) 0(0) 0 (0) 0(0)
‘Tocilizumab 13 (5.68) 0(0) 1(238) 0(0)
Rituximab 0(0) 1(053) 0(0) 0(0)
Total doses of COVID-19
None 16 (6.99) 5 (2.65) 9 (21.43) 2 (10.53)
1 dose 17 (7.42) 8 (4.23) 0(0) 2 (10.53)
2 doses 119 (51.97) 91 (48.15) 23 (54.76) 12 (63.16)
3 doses 60 (26.20) 81 (42.86) 10 (2381) 2(1053)
4 doses 15 (655) 4212) 00 1(5.26)
5 doses 2(087) 0 (0) 0(0) 0 (0)
type, n (%)
Inactive 3 (1.31) 2 (1.06) 00 1(5.26)
Adenovirus vector 1(0.44) 0(0) 0(0) 0(0)
172 (75.11) 154 (81.48) 29 (69.05) 15 (7895)
37 (16.16) 28 (31.46) 4(052) 1(526)

Vaccine
Not received 16 (6.99) 5(265) 9 (2143) 2(1053)
Received while having rheumatic disease 205 (89.52) 176 (93.12) 32 (76.19) 16 (84.21)
New onset of rheumatic disease within 3 months of vaccination 8 (3.49) 6(3.17) 0(0) 1(5.26)

New onset of rheumatic disease within 6 months of vaccination 0(0) 2 (1.06) 1(238) 0(0)
COVID-19 infection
No history of infection 118 (51.53) 90 (47.62) 15 (35.71) 7 (36.84)
Infection while having a rheumatic disease 109 (47.60) 97 (51.32) 27 (64.29) 12 (63.16)
New onset of rheumatic disease within 3 months of infection 2 (0.90) 2 (1.06) 0(0) 0(0)
Severity of infection
- Mild 107 (98.17) 96 (98.97) 27 (100) 12 (100)
- Moderate 2(1.83) 1(1.03) 0(0) 0(0)
- Severe 0(0) 0(0) 0(0) 0(0)

Data are presented as mean + standard deviation. JIA, juvenile idiopathic arthritis; CTDs, connective tissue diseases; IVCY, intravenous cyclophosphamide; MMF,
mycophenolate mofetil; COVID-19, coronavirus disease 2019.
*The total number of COVID-19 vaccinations that each patient had received.
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