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Abstract

:

Background: The safety profile of COVID-19 vaccination is well documented, but hesitancy among people with immune-mediated inflammatory diseases, often immunocompromised, remains high, partially due to a scarcity of data on safety over a longer term. We herein aimed to assess delayed adverse events (DAEs) occurring >7 days after COVID-19 vaccination in systemic lupus erythematosus (SLE) versus other rheumatic autoimmune diseases (rAIDs), non-rheumatic AIDs (nrAIDs), and healthy controls (HCs). Methods: Self-reported data were captured within the COVID-19 Vaccination in Autoimmune Diseases (COVAD)-2 online survey, which comprised >150 centres and responses from 106 countries, between February and June 2022. Logistic regression analysis adjusting for important confounders (age, sex, ethnicity) was used to compare groups. Results: Of 7203 eligible individuals, 882 (12.2%) patients had SLE, 3161 (43.9%) patients had rAIDs, 426 (5.9%) patients had nrAIDs, and 2734 (38.0%) were HCs. SLE patients had a median age of 39 years (IQR: 31–50); 93.7% were women. SLE patients reported, more frequently, major DAEs (OR: 1.6; 95% CI: 1.2–2.0; p = 0.001) and hospitalisation (OR: 2.2; 95% CI: 1.4–3.4; p < 0.001) compared to HCs, severe rashes (OR: 2.4; 95% CI: 1.3–4.2; p = 0.004) compared to people with rAIDS, and hospitalisation (OR: 2.3; 95% CI: 1.1–4.9; p = 0.029) as well as several minor DAEs compared to people with nrAIDs. Differences were observed between vaccines in terms of frequency of major DAEs and hospitalisations, with the latter seen more frequently in patients receiving the Moderna vaccine. People with SLE with no autoimmune multimorbidity less frequently reported overall minor DAEs compared to SLE patients with comorbid nrAIDs (OR: 0.5; 95% CI: 0.3–1.0; p = 0.036). Conclusion: Hospitalisations post-vaccination were more frequent in SLE patients than in HCs. Monitoring of SLE patients following COVID-19 vaccination can help in identifying DAEs early, informing patients about expected DAEs, and supporting patients, especially those with autoimmune multimorbidity.
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1. Introduction


Vaccination against Coronavirus Disease 2019 (COVID-19) has significantly reduced the severity and mortality resulting from the pandemic, and is known to be safe in healthy populations [1]. Increasing evidence suggests that vaccination against COVID-19 is also safe and effective in those who were excluded from trials, for example those with immune-mediated inflammatory diseases (IMIDs), who are at increased risk of complications from COVID-19 [2,3]. Vaccine hesitancy remains common in the general population and especially among people with IMIDs, for example, due to fear of disease flares and side-effects on a background of symptoms secondary to their condition as well as their comorbidities [4,5,6]. Increasing evidence suggests a positive short-term vaccination safety and adverse event (AE) profile in this high-risk group [7,8,9,10].



Fewer data exist on delayed AEs (DAEs), i.e., those that occur >7 days post-vaccination, especially in people with IMIDs, who are often immunocompromised [11]. Recent work within the COVID-19 Vaccination in Autoimmune Diseases (COVAD) study has demonstrated a low incidence of DAEs in people with idiopathic inflammatory myositis (IIM), while ongoing work within the COVAD study in people with rheumatoid arthritis (RA) suggests similar reassuring outcomes [12].



Data from the COVAD collaboration has previously shown that up to 80% of people with systemic lupus erythematosus (SLE) reported AEs within seven days following COVID-19 vaccination, but these were mostly minor and comparable to AE frequencies reported by healthy individuals [9]. Data from pregnant and breastfeeding women with SLE receiving the COVID-19 vaccine have also been reassuring, including an absence of pregnancy complications [13]. People with SLE are among those most at risk of complications from severe respiratory infections, including COVID-19, due to multiple factors including a dysregulated immune system, multimorbidity—especially in patients with nephritis and pulmonary involvement—and often high levels of immunosuppression [3,14,15]. AEs and tolerability following COVID-19 vaccination at greater than seven days post-vaccination are hitherto unexplored in people with SLE.



We aimed to investigate DAEs, reported longer than seven days post-vaccination, in patients with SLE compared with patients with rheumatic autoimmune diseases other than SLE (rAIDs), patients with non-rheumatic autoimmune diseases (nrAIRDs), and healthy controls (HCs) within the COVAD-2 study.




2. Materials and Methods


2.1. Study Design


This study was conducted as a part of the COVAD-2 initiative i.e., a cross-sectional, multi-centre, patient self-reported online survey. The protocol for the study has been previously reported [11]. Participants were informed and consented electronically. Ethics approval was obtained from the Sanjay Gandhi Postgraduate Institute of Medical Sciences (SGPGIMS) ethics committee (IEC Code: 2021-143-IP-EXP-39). The study adhered to the Checklist for Reporting Results of Internet E-Surveys (CHERRIES) [16].




2.2. Data Collection


The questionnaire was comprehensively tested before release, revised, translated into 18 languages by a team of experts, and subsequently disseminated via www.surveymonkey.com (accessed on 3 November 2023). It was circulated extensively by the COVAD study group across >150 centres worldwide, patient support groups, and social media platforms between February and June 2022.



Data on multiple factors were collected, including demographics, diagnosis of SLE or other autoimmune diseases, comorbidities, concomitant treatment, current status of disease, COVID-19 infection history, and outcomes, such as hospitalisation and the need for oxygen therapy. COVID-19 vaccination details were recorded, as well as early-onset (≤7 days) or delayed-onset (>7 days) post-vaccination AEs in accordance with the Center for Disease Control and Prevention [CDC] criteria. Rheumatic and non-rheumatic autoimmune diseases are listed in Supplementary Table S1, and adverse events are listed in Supplementary Table S2. Patient-reported outcomes were collected using the Patient Reported Outcomes Measurement Information System (PROMIS) [17]. The study included individuals over the age of 18 years, including those with multiple overlapping autoimmune diseases.




2.3. Data Extraction


Data were extracted on 10 July 2022. Participants were included if they completed the entire survey and had received at least one dose of the COVID-19 vaccine at the time of completion. Relevant outcome measures, delayed-onset self-reported vaccine AEs, sociodemographic and clinical characteristics, and vaccination status were among the variables extracted for analysis.




2.4. Active versus Inactive SLE


Active and inactive SLE disease activity four weeks prior to vaccination were assessed by the patient’s response to the question “What was the status of your autoimmune disease in the four weeks prior to the first dose of COVID-19 vaccine?” Patients who reported active or worsening/static/improving disease were categorised as having “active disease”, while those who reported “inactive” disease comprised the inactive group. For patients who responded with “I don’t know” or “Other”, disease status was assessed on an individual basis using follow-up questions about their symptoms, joint swelling, and immunosuppressant medication use in the six months prior to vaccination.




2.5. Adverse Events Post-Vaccination


DAEs were classed as major or minor, as detailed in Supplementary Table S2 [18]. Survey participants reported DAEs among a prespecified list but were able to report additional DAEs not listed among those prespecified options as “others” via an open-ended question.




2.6. Statistical Analysis


Data distribution was determined using Kolmogorov–Smirnov and Shapiro Wilk tests. Descriptive statistics for continuous variables are presented as the median and interquartile range (IQR). To assess the difference between categorical variables, the chi-squared (χ2) test was used, and for continuous variables, the Mann–Whitney U test was used. Fisher’s exact test was employed to compare categorical data in case of counts of less than 5 in at least one cell upon tabulation.



Comparisons of DAEs were conducted between individuals with SLE and individuals with rAIDs, individuals with nrAIRDs, and HCs. Subgroup analyses were performed based on the type of vaccine received, SLE activity, autoimmune and non-autoimmune comorbidities, and immunosuppressive therapy. Subgroup analysis was also performed for SLE patients with versus without mental health comorbidities, recorded in the questionnaire as anxiety, bipolar disorder, depression, eating disorders, insomnia, schizophrenia, and substance use disorders. The multivariable binary logistic regression models adjusted for factors defined a priori, i.e., age, sex, and ethnicity. When analysing by drug, since hydroxychloroquine (HCQ) is considered background therapy for all patients with SLE, we also accounted for other concomitant immunosuppressive medications in the model of HCQ. In the multivariable models, statistical significance was set at p < 0.05. Results are reported as odds ratios (ORs) with 95% confidence intervals (CIs). Statistical analyses were performed using SPSS Statistics version 26 (IBM Corp., Armonk, NY, USA).





3. Results


3.1. Baseline Characteristics


A total of 10,783 individuals across 106 countries responded to the survey, of whom 7203 had received at least one vaccine dose and had provided complete responses and hence formed the study cohort (Table 1). The included respondents had an overall median age of 44 years (IQR 34, 56), with the majority being female (75.0%) and Caucasian (42.2%). The study cohort comprised 882 (12.2%) patients with SLE, 3161 (43.9%) patients with rAIDs, 426 (5.9%) patients with nrAIDs, and 2734 (38.0%) HCs. People with SLE were on average younger than the rest of the cohort, with a median age of 39 years (IQR: 31–50), with the majority being women (93.7%).




3.2. Post-COVID-19 Vaccination-Associated DAEs in People with SLE, Compared to Other rAIDs, nrAIDs, and HCs


Among patients with SLE, 155 (17.6%) respondents reported minor DAEs, while major DAEs were reported by 118 individuals (13.4%) (Table 2). When compared to HCs, people with SLE reported major DAEs significantly more frequently in the multivariable analysis (OR: 1.6; 95% CI: 1.2–2.0; p = 0.001). Several minor DAEs were also reported more frequently in the SLE group, including rash (OR: 3.4; 95% CI: 1.7–6.6; p < 0.001), visual disturbances (OR: 3.5; 95% CI: 1.7–7.2; p = 0.001), bleeding and/or bruising (OR: 3.9; 95% CI: 1.6–9.5; p = 0.003), and petechial rash (OR: 4.2; 95% CI: 1.1–15.5; p = 0.030) (Table 2). With regard to major DAEs, people with SLE reported marked difficulty in breathing (OR: 2.0; 95% CI: 1.1–3.5; p = 0.020) and severe rash (OR: 2.2; 95% CI: 1.2–4.1; p = 0.011) more frequently than HCs, as well as hospitalisation (OR: 2.2; 95% CI: 1.4–3.4; p < 0.001).



Compared to people with rAIDS, SLE patients more frequently reported severe rashes in the multivariable analyses (OR: 2.4; 95% CI: 1.3–4.2; p = 0.004; Table 3). In comparison to people with nrAIDs, people with SLE more frequently reported several minor DAEs, including body ache (OR: 2.1; 95% CI: 1.2–3.7; p = 0.008), joint pain (OR: 2.4; 95% CI: 1.3–4.3; p = 0.005), and nausea and/or vomiting (OR: 3.0; 95% CI: 1.2–7.3; p = 0.017; Table 4). Reporting of major DAEs was comparable between people with SLE and nrAIDs; however, people with SLE more frequently reported hospitalisation (OR: 2.3; 95% CI: 1.1–4.9; p = 0.029).




3.3. Post-COVID-19 Vaccination-Associated DAEs across Vaccine Types


Among people with SLE, 558 (63.3%) had received the BNT162b2 (Pfizer) vaccine, 288 (32.7%) received ChadOx1 nCOV-19 (Oxford/AstraZeneca), 161 (18.3%) received mRNA-1273 (Moderna), and 73 (8.3%) received Sinovac-CoronaVac. It should be noted that some patients had received more than one dose with more than one type of vaccine at the time of completing the survey, accounting for these data.



In the multivariable binary logistic regression analysis, people with SLE who had received ChadOx1 nCOV-19 (Oxford/AstraZeneca) reported diarrhoea to a significantly greater extent compared to those having received other vaccines (OR 2.6; 95% CI: 1.1–6.2; p = 0.037; Supplementary Table S3). People with SLE who had received the Moderna vaccine reported overall major DAEs (OR 1.7; 95% CI: 1.1–2.8; p = 0.022) as well as hospitalisation (OR 3.0; 95% CI: 1.6–5.6; p < 0.001) more frequently compared to those receiving other vaccines.




3.4. Post-COVID-19 Vaccination-Associated DAEs and Type of Immunosuppression


Drug treatments with conventional synthetic immunosuppressants were recorded in the SLE cohort; those included methotrexate (MTX; 13.2%; n = 116), mycophenolate mofetil (MMF; 19.6%; n = 173), azathioprine (AZA; 20.2%; n = 178), and HCQ (69.6%; n = 614). A greater proportion of patients with SLE who were on MTX reported difficulty in breathing (OR: 3.3; 95% CI: 1.3–8.3; p = 0.012) or swelling of the extremities (OR: 5.8; 95% CI: 1.9–17.6; p = 0.002) compared to SLE patients who were not on MTX (Supplementary Table S4). Patients with SLE receiving MMF less frequently reported fever compared to SLE patients who were not on MMF (OR: 0.4; 95% CI: 0.2–0.9; p = 0.036). Patients with SLE taking HCQ less frequently reported overall minor DAEs but did report hospitalisation to a greater extent compared to SLE patients who were not on HCQ (OR: 2.9; 95% CI: 1.3–6.6; p = 0.010). However, these associations abated after adjustment for other concomitant medications (OR: 0.5; 95% CI: 0.1–1.7; p = 0.272).



Post-COVID-19 vaccination-associated DAEs in people with active and inactive SLE



In univariable logistic regression analysis, people with active SLE more frequently reported nausea and vomiting (OR: 2.3; 95% CI: 1.1–5.1; p = 0.033). However, reports of both minor and major DAEs were comparable between people with active and inactive SLE in the multivariable models.




3.5. Post-COVID-19 Vaccination-Associated DAEs in People with Only SLE, SLE and rAID Comorbidity, SLE with nrAID Comorbidity and Active vs. Inactive SLE


In multivariable logistic regression analysis, people with SLE but no autoimmune multimorbidity less frequently reported dizziness (OR: 0.5; 95% CI: 0.2–1.0; p = 0.039) and bleeding and/or bruising (OR: 0.2; 95% CI: 0.1–0.8; p = 0.017) compared to SLE patients with comorbid rAIDs. Reports of major AEs were comparable between the two groups.



Compared to people with SLE and nrAID comorbidities, people with SLE but no autoimmune multimorbidity overall reported minor AEs less frequently (OR: 0.5; 95% CI: 0.3–1.0; p = 0.036), while reports of major AEs were comparable between the two groups.



People with SLE and mental health disorders more frequently reported headache (OR: 2.2; 95% CI: 1.3–3.6; p = 0.002), severe rash (OR: 3.2; 95% CI: 1.3–7.5; p = 0.008), and anaphylaxis (OR: 7.7; 95% CI: 1.5–38.8; p = 0.013).



With regard to disease activity, people with self-reported active SLE overall reported similar frequencies of DAEs compared to individuals with inactive disease.





4. Discussion


Our study has provided data on delayed-onset AEs >7 days post-vaccination in people with SLE receiving the COVID-19 vaccine. To our knowledge, this was the first study to examine delayed-onset AEs following COVID-19 vaccination in this high-risk multimorbid population, including comparisons with people with other rAID and nrAID diagnoses. We have demonstrated overall reassuring results with mainly minor AEs, which were self-limiting. However, patients with SLE more frequently reported hospitalisations compared with healthy individuals and patients with non-rheumatic autoimmune conditions, a finding that should not be overlooked.



Vaccine hesitancy remains high among people with SLE, and has persisted during the COVID-19 pandemic and vaccination strategies within the community [19]. Driving factors for this include concerns about potential long-term vaccine AEs, which are further exacerbated by a lack of safety and tolerability data from large-scale prospective studies conducted in this patient population and deliberate exclusion from vaccine trials. We have previously demonstrated reassuring early-onset AE data in people with SLE [9], which are now largely reinforced by the data on delayed-onset AEs presented herein.



Our data are consistent with previous works from the COVAD collaboration, which demonstrated a good AE profile at >7 days post-vaccination in people with IIMs [12]. They also align with findings in large registry studies, including the EULAR Coronavirus Vaccine (COVAX) study, in which one-third of patients experienced AEs at <7 days post-vaccination (clinician-reported), although most were minor and/or self-limiting [20]. In a single-centre study comprising 466 people with SLE in the USA, 74% of the patients self-reported minor AEs within 7 days of COVID-19 vaccination [21]. Similarly, the international VACOLUP study, also comprising patient-reported data via a web-based survey, demonstrated that 45% of patients with SLE experienced AEs after the first vaccine dose, and 53% after the second, of a total of 696 people with SLE [22]. Crucially, however, those AEs were not found to impair functional ability. Importantly, this study also explored flares of SLE post-vaccination and noted that flares and vaccine AEs may sometimes be indistinguishable.



Our data yielded some interesting results, not reported previously to this degree of granularity. Overall, people with SLE reported minor AEs more frequently compared to HCs. However, minor AEs yielded the greatest differences; examples of such minor AEs are rash and bruising. Major AEs reported more frequently in the SLE group included severe rash and hospitalisation. Concerns have previously been raised regarding SLE flares following vaccination, although there is little evidence to support this [21,23]. Multiple cases of SLE flares following vaccination against COVID-19 have been reported in the literature, and while there is no confirmed association between the two, there may be a benefit in monitoring people with SLE post-vaccination to help identify DAEs. Data from the Global Rheumatology Alliance, which recorded clinician-reported symptoms following COVID-19 vaccination in people with rAIDs, reported that flares were uncommon [24]. While our study focused on DAEs and did not aim to report signs or symptoms of SLE flare post-vaccination, it is important to keep in mind that many DAEs may mimic a flare and vice versa, posing challenges in distinguishing across reasons for hospitalisation.



In the SLE population, in whom antiphospholipid syndrome is highly prevalent, it is also relevant to consider the previous, albeit later proven unfounded, concerns regarding the association between the Oxford–AstraZeneca vaccine and an increased risk of clotting events [25]. While clotting events were not specifically explored in our study, related AEs, such as the swelling of limbs, were. Within the survey, the phrase “swelling in the extremities” described swelling at any site in the limbs (whole or part). Importantly, the Joint Council for Vaccination and Immunisation in the UK declared in 2022 that there were no safety concerns with regard to this vaccine and clotting events, and that it should be continued to be offered to all patients as the benefits greatly outweighed the risks [26]. Reassuringly, in our study, people with SLE who had received the Oxford–AstraZeneca vaccine reported diarrhoea more frequently that SLE patients who had received other vaccines against COVID-19, but no increased frequencies of symptoms such as limb swelling or breathing difficulties were noted.



It is interesting to note the greater reported frequency of hospitalisation following COVID-19 vaccination in people with SLE compared to both HCs and those with nrAIDs. Unfortunately, our survey did not record the exact cause of hospitalisation, but given the relative multimorbidity of this patient cohort, a greater underlying degree of chronic inflammation, and vulnerability to infections, there are several factors that may account for this finding, and caution should be exercised in its interpretation. The increased risk of infections is of particular relevance, as this patient group would likely have been prioritised for vaccination in several countries when levels of COVID-19 infection in the community were still high. Unfortunately, with the limited patient-reported data available to us, it remained beyond the scope of this paper to assess, in depth, certain risk factors for critical disease in the context of infection and vaccination.



We recorded the use of conventional immunosuppressants, with people taking MTX more frequently reporting difficulty in breathing and the swelling of the extremities in our cohort. However, the underlying explanation of this association remains unclear. This result should also be interpreted with caution given the relatively small sample size. It is worth noting that people with SLE receiving MMF, a drug usually given in patients with more moderate/severe disease, especially in the presence of lupus nephritis [27], in fact had relatively fewer reported or comparable frequencies of AEs with those on other or on no immunosuppressants. Again, the sample size of people receiving MMF was relatively small within our cohort. It is also worth mentioning that the decreased frequency of reported fever may have been due to better disease control and therefore fewer episodes of fever linked to disease flare, which also highlights the challenge of distinguishing between adverse events and symptoms stemming from active SLE. Nonetheless, this finding is reassuring. A possible explanation might be that patients withheld their treatment in the 2–4 weeks prior to and/or after their vaccination, as suggested by multiple national and international guidelines [28,29,30] for boosting the immune response to vaccination [31,32]. However, consideration has to be given to the potential propensity to flare during that period, and therefore, the consequences of holding immunosuppressants remain unclear with regard to delayed-onset AEs.



We also generated data for people with SLE and comorbidities. People with SLE who had comorbid rAIDs or nrAIDs reported more frequent minor AEs than those with SLE alone, with multiple AEs in those with nrAIDs, and especially regarding dizziness and bleeding and/or bruising for those with rAIDs. Partially, an explanation for this could be the increased comorbidity and therefore symptom burden experienced by these patients, which in turn may have contributed to non-specific symptoms. The presence of coexisting autoimmune diseases also suggests a propensity to an increased underlying state of inflammation compared to patients with SLE alone. People with SLE and mental health disorders more frequently reported headaches and severe rashes. Mental health disorders may be related or unrelated to a patient’s SLE, which often complicates the attribution of symptoms to the disease. Headache may also be attributed to SLE; approximately 20–55% of people with SLE experience migraine-like headaches during their disease course, depending on the cohort under study [33]. Related symptoms of fatigue, anxiety, and depression are highly prevalent in people with SLE and likely contributed to this finding in our cohort [34,35]. It is worth noting that people with SLE and mental health disorders reported a greater frequency of anaphylaxis compared to those without them. However, the explanation for this is unclear and the results should be treated with caution, especially given the solely patient-reported information and potential loss of meaning when the survey was translated to multiple languages.



Our study has some limitations, a major one being recall bias owing to data deriving from self-reports. Moreover, the internet-based survey may have excluded people with poor internet connectivity, low socioeconomic status, and impaired access to technology, who may also be more vulnerable to AEs. Patients were asked about AE symptoms at >7 days post-vaccination, but not specifically regarding symptoms of SLE flare, which may have been overlapping, making it difficult to determine whether the reported symptoms had occurred due to vaccination, flare, or another factor such as concurrent infection. However, it should be noted that flares of SLE following vaccination, and humoral vaccine responses, have been well documented elsewhere and were not within the scope of this study. While it would have been useful to identify clusters of DAEs by region, no obvious patterns were noted, and the DAEs were in fact very heterogeneous with regard to organ system or body region affected. This study may be regarded as a case–control study (with cases being those with SLE, compared to the healthy controls), which may have potentially led to the misinterpretation of findings and mechanisms related to COVID-19. In addition, sample sizes for certain analyses, e.g., those exploring associations with certain drugs or vaccine subtypes, were low. Nonetheless, a key strength of our study is the overall large and diverse patient sample, which is especially important given the epidemiology of SLE including propensity in certain ethnic groups. In addition, the use of self-reported data allows for the inclusion of the patient perspective and minimises potential bias introduced by data collection by healthcare professionals, especially with regard to sensitive topics such as mental health; the latter is especially pertinent in the SLE population, where mental health conditions are highly prevalent.




5. Conclusions


Our study has provided overall reassuring data for the use of COVID-19 vaccines in people with SLE with regard to delayed AEs. While several minor AEs were reported with increased frequency in people with SLE compared to HCs, these were largely self-limiting and/or uncommon. However, it should not be overlooked that patients with SLE more frequently reported hospitalisations compared with healthy individuals and patients with non-rheumatic autoimmune conditions. Our data suggest there may be value in monitoring people with SLE following COVID-19 vaccination to help identify DAEs early and support patients in their care, especially those with autoimmune multimorbidity. Overall, our data contribute to the growing body of evidence that supports the uptake of COVID-19 vaccines in this vulnerable group of individuals.
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Table 1. Sociodemographic and vaccination data for survey respondents.
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	Variable
	Total, n [7203]

(%) [100]
	SLE, n [882]

(%) [12.2]
	rAIDs, n [3161]

(%) [43.9]
	nrAIDs, n [426]

(%) [5.9]
	HCs, n [2734]

(%) [38.0]





	Age (median, IQR), years
	44 (34–56)
	39 (31–50)
	52 (41–62)
	43 (34–53)
	38 (30–49)



	Gender F:M
	5310:1799

3:1
	826:46

18:1
	2522:602

4.2:1
	351:70

5:1
	1611:1081

1.5:1



	Ethnicity n (%)
	
	
	
	
	



	African American or of African origin (Black)
	336 (4.7)
	89 (10.1)
	146 (4.6)
	4 (0.9)
	97 (3.5)



	Asian
	1632 (22.7)
	263 (29.8)
	602 (19.0)
	57 (13.4)
	710 (26.0)



	Caucasian (White)
	3039 (42.2)
	274 (31.1)
	1784 (56.4)
	227 (53.3)
	754 (27.6)



	Do not wish to disclose
	262 (3.6)
	43 (4.9)
	90 (2.8)
	14 (3.3)
	115 (4.2)



	Hispanic
	1200 (16.7)
	114 (12.9)
	283 (9.0)
	83 (19.5)
	720 (26.3)



	Native American, Indigenous, Pacific Islander
	53 (0.7)
	12 (1.4)
	17 (0.5)
	4 (0.9)
	20 (0.7)



	Other
	628 (8.7)
	80 (9.1)
	224 (7.1)
	34 (8.0)
	290 (10.6)







HCs: health controls; IQR: interquartile range; nrAID: non-rheumatic autoimmune disease; rAID: rheumatic autoimmune disease other than SLE; SLE: systemic lupus erythematosus.













 





Table 2. Effects of COVID-19 vaccination in patients with SLE versus HCs.
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SLE

	
HCs

	
Univariable

	
Multivariable




	

	
N

882 (%)

	
N

2734 (%)

	
OR (95% CI)

	
p Value

	
OR (95% CI)

	
p Value






	
Minor AEs

	
155 (17.6)

	
456 (16.7)

	

	
0.555

	

	




	
Injection site (arm) pain and soreness

	
96 (10.9)

	
305 (11.2)

	

	
0.800

	

	




	
Myalgia

	
73 (8.3)

	
164 (6.0)

	
1.4 (1.1–1.9)

	
0.020

	

	
0.079




	
Body ache

	
81 (9.2)

	
176 (6.4)

	
1.5 (1.1–1.9)

	
0.007

	

	
0.056




	
Joint pain

	
73 (8.3)

	
120 (4.4)

	
1.9 (1.4–2.6)

	
<0.001

	
1.8 (1.3–2.6)

	
<0.001




	
Fever

	
63 (7.1)

	
205 (7.5)

	

	
0.700

	

	




	
Chills

	
52 (5.9)

	
127 (4.6)

	

	
0.137

	

	
0.183




	
Cough

	
18 (2.0)

	
34 (1.2)

	

	
0.084

	

	




	
Difficulty in breathing or shortness of breath

	
24 (2.7)

	
33 (1.2)

	
2.3 (1.3–3.9)

	
0.002

	
1.9 (1.1–3.4)

	
0.031




	
Nausea/vomiting

	
39 (4.4)

	
36 (1.3)

	
3.5 (2.2–5.5)

	
<0.001

	
3.0 (1.8–5.0)

	
<0.001




	
Headache

	
71 (8.0)

	
142 (5.2)

	
1.6 (1.2–2.1)

	
0.002

	
1.5 (1.1–2.1)

	
0.012




	
Rash

	
23 (2.6)

	
21 (0.8)

	
3.5 (1.9–6.3)

	
<0.001

	
3.4 (1.7–6.6)

	
<0.001




	
Fatigue

	
92 (10.4)

	
136 (5.0)

	
2.2 (1.7–2.9)

	
<0.001

	
2.0 (1.5–2.8)

	
<0.001




	
Diarrhoea

	
21 (2.4)

	
33 (1.2)

	
2.0 (1.1–3.5)

	
0.012

	

	
0.066




	
Abdominal pain

	
14 (1.6)

	
16 (0.6)

	
2.7 (1.3–5.6)

	
0.004

	
2.7 (1.2–5.9)

	
0.015




	
High pulse rate or palpitations

	
19 (2.2)

	
45 (1.6)

	

	
0.320

	

	




	
Rise in blood pressure

	
17 (1.9)

	
19 (0.7)

	
2.8 (1.5–5.4)

	
0.001

	
2.7 (1.3–5.6)

	
0.009




	
Fainting

	
4 (0.5)

	
9 (0.3)

	

	
0.592

	

	




	
Dizziness

	
33 (3.7)

	
51 (1.9)

	
2.0 (1.3–3.2)

	
0.001

	
2.2 (1.3–3.5)

	
0.002




	
Chest pain

	
22 (2.5)

	
29 (1.1)

	
2.4 (1.4–4.2)

	
0.002

	
2.3 (1.2–4.3)

	
0.009




	
Swelling in the extremities

	
14 (1.6)

	
17 (0.6)

	
2.6 (1.3–5.3)

	
0.007

	
2.4 (1.1–5.1)

	
0.027




	
Weakness and tingling in the feet and legs

	
28 (3.2)

	
49 (1.8)

	
1.8 (1.1–2.9)

	
0.013

	

	
0.093




	
Pricking or pins and needles sensations in the hands and feet

	
20 (2.3)

	
28 (1.0)

	
2.2 (1.3–4.0)

	
0.005

	
1.9 (1.0–3.7)

	
0.040




	
Visual disturbances (e.g., loss of vision, blurring of vision)

	
20 (2.3)

	
21 (0.8)

	
3.0 (1.6–5.6)

	
<0.001

	
3.5 (1.7–7.2)

	
0.001




	
Bleeding/bruising on the body

	
15 (1.7)

	
9 (0.3)

	
5.2 (2.3–12.0)

	
<0.001

	
3.9 (1.6–9.5)

	
0.003




	
Petechial rash

	
8 (0.9)

	
5 (0.2)

	
5.0 (1.6–15.3)

	
0.002

	
4.2 (1.1–15.5)

	
0.030




	
Major AEs

	
118 (13.4)

	
224 (8.2)

	
1.7 (1.4–2.2)

	
<0.001

	
1.6 (1.2–2.0)

	
0.001




	
Anaphylaxis

	
8 (0.9)

	
19 (0.7)

	

	
0.525

	

	




	
Marked difficulty in breathing

	
24 (2.7)

	
42 (1.5)

	
1.8 (1.1–3.0)

	
0.022

	
2.0 (1.1–3.5)

	
0.020




	
Throat closure

	
8 (0.9)

	
13 (0.5)

	

	
0.143

	

	
0.054




	
Severe rashes

	
22 (2.5)

	
29 (1.1)

	
2.4 (1.4–4.2)

	
0.002

	
2.2 (1.2–4.1)

	
0.011




	
Hospitalisation

	
51 (5.8)

	
57 (2.1)

	
2.9 (2.0–4.2)

	
<0.001

	
2.2 (1.4–3.4)

	
<0.001








Multivariable logistic regression analysis adjusted for age, sex, and ethnicity. AE: adverse event; CI: confidence interval; HC: healthy control; OR: odds ratio; SLE: systemic lupus erythematosus.













 





Table 3. Effects of COVID-19 vaccination in patients with SLE vs. rAIDs.
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SLE

	
rAIDs

	
Univariable

	
Multivariable




	

	
N

882 (%)

	
N

3161 (%)

	
OR (95% CI)

	
p Value

	
OR (95% CI)

	
p Value






	
Minor AEs

	
155 (17.6)

	
516 (16.3)

	

	
0.378

	

	




	
Injection site pain and/or soreness

	
96 (10.9)

	
301 (9.5)

	

	
0.229

	

	




	
Myalgia

	
73 (8.3)

	
223 (7.1)

	

	
0.218

	

	




	
Body ache

	
81 (9.2)

	
245 (7.8)

	

	
0.167

	

	
0.682




	
Joint pain

	
73 (8.3)

	
242 (7.7)

	

	
0.543

	

	




	
Fever

	
63 (7.1)

	
188 (5.9)

	

	
0.193

	

	
0.724




	
Chills

	
52 (5.9)

	
153 (4.8)

	

	
0.207

	

	




	
Cough

	
18 (2.0)

	
49 (1.6)

	

	
0.313

	

	




	
Difficulty in breathing or shortness of breath

	
24 (2.7)

	
60 (1.9)

	

	
0.130

	

	
0.763




	
Nausea/vomiting

	
39 (4.4)

	
72 (2.3)

	
2.0 (1.3–3.0)

	
0.001

	

	
0.076




	
Headache

	
71 (8.0)

	
213 (6.7)

	

	
0.178

	

	
0.977




	
Rash

	
23 (2.6)

	
78 (2.5)

	

	
0.814

	

	




	
Fatigue

	
92 (10.4)

	
258 (8.2)

	
1.3 (1.0–1.7)

	
0.034

	

	
0.228




	
Diarrhoea

	
21 (2.4)

	
55 (1.7)

	

	
0.215

	

	




	
Abdominal pain

	
14 (1.6)

	
43 (1.4)

	

	
0.613

	

	




	
High pulse rate or palpitations

	
19 (2.2)

	
72 (2.3)

	

	
0.827

	

	




	
Rise in blood pressure

	
17 (1.9)

	
39 (1.2)

	

	
0.119

	

	
0.249




	
Fainting

	
4 (0.5)

	
11 (0.3)

	

	
0.649

	

	




	
Dizziness

	
33 (3.7)

	
109 (3.4)

	

	
0.676

	

	




	
Chest pain

	
22 (2.5)

	
54 (1.7)

	

	
0.129

	

	
0.924




	
Swelling in the extremities

	
14 (1.6)

	
50 (1.6)

	

	
0.991

	

	




	
Weakness and tingling in the feet and legs

	
28 (3.2)

	
78 (2.5)

	

	
0.245

	

	




	
Pricking or pins and needles sensations in the hands and feet

	
20 (2.3)

	
68 (2.2)

	

	
0.834

	

	




	
Visual disturbances (e.g., loss of vision, blurring of vision)

	
20 (2.3)

	
44 (1.4)

	

	
0.0