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Abstract


Rheumatic diseases affect the musculoskeletal system and may also compromise internal organs. The immunosuppressive treatments commonly used in these conditions can weaken the immune system, raising concerns about the efficacy of immunizations, particularly against SARS-CoV-2. This observational and analytical study evaluated the humoral immune response in patients with rheumatic diseases who were vaccinated with a fourth dose of the SARS-CoV-2 vaccine in comparison with a control group and the effect prior COVID-19 infection. The results showed that individuals with a history of COVID-19 infection developed significantly higher levels of neutralizing antibody titers, indicating a stronger immune response. Moreover, the response on the Wuhan strain elicited a more robust humoral response than the Omicron strain in both immunocompromised patients and healthy controls. These findings highlight the impact of previous viral exposure on the effectiveness of immunization in rheumatology patients.
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1. Introduction


Since its emergence, the SARS-CoV-2 pandemic has posed an unprecedented global health crisis. By January 2021, more than 778 million people had been infected and over 7 million had died worldwide due to COVID-19 [1] Chile, like many other countries, has endured severe consequences from the pandemic, including the overburdening of its healthcare system and considerable impacts on public and mental health. Vaccination quickly became a cornerstone strategy in mitigating the pandemic’s toll, with extensive evidence demonstrating that COVID-19 vaccines are highly effective in preventing severe disease, hospitalization, and death [2].



However, during the initial phases of global vaccine deployment, uncertainty surrounded the safety and efficacy of COVID-19 vaccines in immunocompromised populations. Among these, patients with autoimmune rheumatic diseases (ARDs), including rheumatoid arthritis (RA), represent a particularly vulnerable group. These patients typically receive long-term immunosuppressive treatments, which not only increase susceptibility to infections but may also attenuate the immune response to vaccinations [3,4,5].



While early research suggested that patients with RA were not at significantly greater risk of severe COVID-19 compared to the general population [6,7,8], more recent and comprehensive studies have revealed that individuals with systemic autoimmune or immune-mediated diseases are indeed at higher risk of adverse outcomes, including hospitalization and mortality [4,5]. The degree of this risk appears closely linked to the specific immunosuppressive therapy in use. Of particular concern is rituximab (RTX), a B-cell-depleting monoclonal antibody widely prescribed for RA and other autoimmune conditions, which has been associated with a significantly impaired humoral response to both SARS-CoV-2 infection and vaccination, as well as increased severity of COVID-19 illness [3,8].



In this context, the present study aims to evaluate the humoral immune response to SARS-CoV-2 vaccines in patients with rheumatic diseases treated at the Hospital Regional de Copiapó. It specifically examines the generation of neutralizing antibody titers in individuals vaccinated with a fourth dose of the SARS-CoV-2 vaccine and assesses the impact of prior SARS-CoV-2 infection. The NAbs titer against SARS-CoV-2 was determined for the original Wuhan strain and Omicron variant. Additionally, the study compares responses between immunosuppressed patients and healthy controls to better understand how immunomodulatory therapies influence vaccine-induced immunity.




2. Materials and Methods


2.1. Study Design and Setting


This study is a quantitative, observational, analytical, cohort, and cross-sectional investigation conducted at the Rheumatology Unit of the Regional Hospital of Copiapó, located in the Atacama Region of northern Chile. The study period spanned from March to July 2022. The primary objective was to evaluate the effect of prior SARS-CoV-2 infection and COVID-19 vaccination on the humoral immune response in patients diagnosed with rheumatic diseases.




2.2. Study Population


The data analyzed in this study were derived from the project “4th Booster-Dose SARS-CoV-2 Heterologous and Homologous Vaccination in Rheumatologic Patients”, [9] which included a total of 341 participants. Of these, 218 were patients with a confirmed diagnosis of immune-mediated rheumatic diseases (IMRDs), and 123 were healthy controls without chronic pathologies.



Non-probabilistic convenience sampling was carried out among patients over 18 years of age attending the rheumatology outpatient clinic at Hospital de Copiapó. Eligible participants were those who had received the fourth dose of the SARS-CoV-2 vaccine. The IMRDs included in the study were rheumatoid arthritis (RA), psoriatic arthritis (PsA), ankylosing spondylitis (AS), systemic lupus erythematosus (SLE), systemic vasculitis (VS), and systemic scleroderma (SS). Patients continued their usual treatments during the vaccination period; however, in specific cases, individuals receiving rituximab were instructed—at the physician’s discretion—to postpone therapy after vaccination.



The control group comprised participants without immunosuppressive conditions who had also received the fourth dose of the SARS-CoV-2 vaccine during the same period. This group consisted predominantly of healthcare professionals, providing a representative comparison sample of the general population.




2.3. Measurement of Neutralizing Antibody Titers


Neutralizing antibody (NAb) titers against SARS-CoV-2 were measured using a pseudovirus-based neutralization assay, as per the guidance of [10] Serum samples were serially diluted and incubated with HIV-1-based pseudoviruses expressing spike proteins from the Wuhan (D614G) or Omicron (BA.1) variants. Following incubation with HEK-ACE2 cells, luciferase activity was quantified to determine neutralization capacity. The 50% inhibitory dilution (ID50) was calculated using nonlinear regression with GraphPad Prism v9.1.2. Samples not reaching 50% neutralization at the lowest dilution were assigned an ID50 of 10.




2.4. Data Collection and Statistical Analysis


Data collected included clinical and demographic information, COVID-19 infection history, vaccination type and schedule (homologous or heterologous), and immunological parameters such as neutralizing antibody presence and levels. Ethical standards were strictly observed, ensuring participant confidentiality and informed consent.



All data were tabulated and analyzed using R software version 4.3.1. Both descriptive and inferential statistics were applied to compare immune responses across different groups.





3. Results


3.1. Demographic Characteristics of the Study Population


The median age of healthy controls was 39 years, while for IMRD patients this was 58 years. Regarding gender distribution, 63.4% of healthy controls were women, while IMRD patients were 84.8%. RA was the most common disease among participants (n = 172), followed by SLE (n = 25). The median duration of the rheumatic disease in patients was 6 years. Samples are measured 1–20 weeks after vaccination, the median of the time window is 35 days.



In terms of therapy, 18.4% of patients were treated with csDMARDs only, and 27% of patients were receiving bDMARDs and no tsDMARDs. Corticosteroids were used by 71.5% of patients. Methotrexate was the most frequent csDMARD, while TNF inhibitors were the most common bDMARD. These details are summarized in Table 1.



The baseline characteristics of the study participants are summarized in Table 1. Among the 218 patients with immune-mediated rheumatic diseases (IMRDs), rheumatoid arthritis (RA) was the most frequent diagnosis, followed by psoriatic arthritis (PsA), ankylosing spondylitis (AS), systemic lupus erythematosus (SLE), systemic vasculitis (VS), and systemic scleroderma (SS). The median disease duration ranged from 48 to 64 years across the different conditions.



Neutralizing antibody responses stratified by treatment group and prior COVID-19 infection are summarized in Table 2. For the Wuhan strain, antibody titers were generally higher in participants with a history of COVID-19, with the most robust responses observed in healthy controls, followed by patients on csDMARDs. In contrast, patients receiving bDMARDs, tsDMARDs, or corticosteroids exhibited markedly reduced titers. Statistically, no significant differences were observed between COVID-19-positive and COVID-19-negative participants within the csDMARD (p = 0.9), bDMARD (p = 0.4), or corticosteroid groups (p = 0.8). However, among healthy controls, prior infection was associated with significantly higher titers (p = 0.0056).



Against the Omicron variant, antibody levels were consistently lower across all groups compared to Wuhan, with the lowest responses detected in patients receiving bDMARDs and corticosteroids. Prior COVID-19 infection conferred a relative advantage, but the effect was less pronounced than for Wuhan. Specifically, no significant differences were found within the csDMARD (p = 0.09) and bDMARD (p = 0.10) groups, whereas corticosteroid-treated patients (p = 0.0003) and healthy controls (p < 0.0001) showed significantly higher titers if previously infected.



These findings suggest that prior SARS-CoV-2 infection enhances neutralizing antibody responses against both Wuhan and Omicron strains, although this effect is blunted in patients undergoing immunosuppressive therapy with csDMARDs and bDMARDs.




3.2. Immunogenicity According to IMRDs SARS-CoV-2


We present neutralizing antibody (ID50) levels against SARS-CoV-2 in patients with rheumatic diseases and in healthy controls, stratified by history of infection (COVID-19 positive or negative). For each subgroup, mean titers and p-values are reported to evaluate statistical significance. The findings are shown in the following Figure 1 and Figure 2.



For the Omicron strain (Figure 1), rheumatologic patient antibody titers showed significantly higher antibody levels in the COVID-19-positive group (average ≈ 7308) compared to the COVID-19-negative group (average ≈ 3985), with a p-value = 5.091 × 10−5 (left panel). A similar trend was observed in the control group, where the COVID-19-positive subgroup exhibited an average of 10,812 antibody titers compared to 4916 in COVID-19-negative individuals (p = 2.582 × 10−6, right panel).



For the original Wuhan strain (Figure 2), rheumatologic patients with prior COVID-19 infection had significantly higher antibody levels (average ≈ 10,516) than COVID-19-negative individuals (average ≈ 7616), with p = 0.007 (left panel). In the control group, COVID-19-positive individuals exhibited an average of 11,983 antibody titers, while COVID-19-negative controls averaged 7967, a difference that was highly significant (p = 0.0056, right panel).



Across all groups, prior SARS-CoV-2 infection was consistently associated with higher levels of neutralizing antibody titers, a statistically significant pattern observed in both rheumatologic patients and healthy controls (Table 3). When comparing strains effects, individuals without prior infection showed higher antibody levels with the Wuhan strain compared to the Omicron strain—10,812 vs. 4916 in controls and 7308 vs. 3985 in rheumatologic patients. Similarly, among COVID-19-positive individuals, the Wuhan strain elicited stronger responses—11,983 vs. 7967 in controls and 10,516 vs. 7616 in rheumatologic patients. Regarding disease status, rheumatologic patients consistently exhibited lower neutralizing antibody levels than controls, especially following the Omicron strain. Although the difference between groups was not significant for the Wuhan strain, it was statistically significant for the Omicron strain.





4. Discussion


Recent evidence in patients with rheumatoid arthritis indicates that COVID-19 vaccines elicit adequate humoral immunogenicity with an acceptable safety profile [11]. Consistent with this, our results show that prior SARS-CoV-2 infection induces a significantly stronger neutralizing antibody response in both rheumatic patients and healthy controls. These findings were consistent regardless of infection history, supporting the notion that both vaccine strain and prior exposure play critical roles in shaping immune responses [10,12,13]. In healthy controls, higher neutralizing antibody titers were observed following Wuhan vaccination, with prior infection further boosting responses—reflecting the well-documented effect of hybrid immunity [14,15,16,17]. In rheumatic patients, who often experience impaired immune responses due to immunosuppressive therapy, a similar pattern emerged as follows: the Wuhan vaccine elicited a stronger humoral response than the Omicron vaccine. Notably, antibody levels in some rheumatic patients vaccinated with the Wuhan strain approached those of healthy controls who received the Omicron vaccine, underscoring the superior immunogenicity of Wuhan-based formulations [18,19]. These findings are particularly relevant for patients with autoimmune rheumatic diseases (ARDs), where vaccine efficacy is often reduced by treatments such as corticosteroids, methotrexate, and B-cell–depleting agents [3,20]. Prior studies have reported diminished responses in these populations [8]. Our results extend this knowledge by highlighting that vaccine strain also significantly influences immune responses within these vulnerable groups. From a public health perspective, the data suggest that not all vaccine platforms provide equal protection in immunocompromised individuals, and formulations based on the ancestral spike protein may confer superior antibody-mediated protection [21,22]. Furthermore, accounting for prior infection is essential when designing immunization strategies as hybrid immunity enhances both the breadth and durability of protection [23,24,25].



Our results also highlight the impact of methotrexate on vaccine-induced immune responses. In patients with rheumatoid arthritis (RA) receiving methotrexate, we observed a significant difference (p = 0.02) in neutralizing antibody titers against the Omicron variant between COVID-19-positive and -negative individuals, whereas no such difference was seen for the Wuhan strain. Notably, among patients with psoriatic arthritis (PsA), none were on methotrexate, so no comparisons could be made for this subgroup. These findings are in line with previous reports indicating that methotrexate can attenuate vaccine responses, and temporary discontinuation may enhance cellular and humoral immunity without increasing disease activity [11,12].



Several limitations must be acknowledged. Most importantly, the cross-sectional design precludes the evaluation of antibody kinetics and durability over time. This is especially relevant with the emergence of new variants, where longitudinal studies with serial sampling are necessary to assess the persistence and breadth of protection. Additionally, although our sample size allowed meaningful comparisons, larger and more diverse cohorts are needed to fully capture interindividual variability in vaccine responses, particularly across different immunomodulatory therapies. Finally, while this study focused on humoral immunity, cellular responses—especially T-cell–mediated immunity—likely contribute to protection even when neutralizing antibody titers wane or viral variants partially escape recognition [26].



In conclusion, our findings emphasize the critical impact of prior infection on the humoral response in patients with rheumatic diseases. Future prospective studies are warranted to better characterize the durability of protection and to inform optimized vaccination strategies in this vulnerable population.




5. Conclusions


This study demonstrates that prior SARS-CoV-2 infection significantly enhances the immune response across all groups, highlighting the role of hybrid immunity. These findings emphasize the importance of developing tailored immunization strategies that take into account both the vaccine strain and the immunological condition of recipients, particularly in immunocompromised populations such as individuals with autoimmune rheumatic disorders.
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Figure 1. Neutralizing antibody titers in rheumatologic (left) and control (right) patients determined for the Omicron variant grouped by COVID-19 status (negative or positive). 
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Figure 2. Neutralizing antibody titers in rheumatologic (left) and control (right) patients determined for the Wuhan variant grouped by COVID-19 status (negative or positive). 
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Table 1. Baseline characteristics of patients with rheumatic diseases and controls.
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	Characteristic
	RA (n = 172)
	SLE (n = 25)
	PsA (n = 9)
	AS (n = 5)
	VS (n = 3)
	SS (n = 4)
	Controls (n = 123)





	Disease duration, years (median [IQR])
	7 (5–11)
	6 (3–9)
	3 (2–5)
	3 (1–3)
	6 (4–7.5)
	5.5 (1.75–9)
	–



	Treatment
	
	
	
	
	
	
	–



	csDMARDs only, n (%)
	34 (19.77%)
	3 (12%)
	1 (11.11%)
	0 (0%)
	0 (0%)
	2 (50%)
	–



	bDMARDs, n (%)
	44 (25.58%)
	3 (12%)
	7 (77.78%)
	5 (100%)
	0 (0%)
	0 (0%)
	–



	Corticosteroids, n (%)
	126 (73.26%)
	22 (88%)
	3 (33.3%)
	0(0%)
	3 (100%)
	2 (50%)
	–







– indicates not applicable; values were not collected for healthy control participants because they do not have rheumatologic disease.













 





Table 2. Neutralizing antibody responses (ID50_{50}50) against SARS-CoV-2 Wuhan and Omicron variants according to treatment and previous COVID-19 infection.
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	Treatment Group
	COVID-19 Status
	Wuhan ID50_{50}50 Median (IQR)
	p-Value
	Omicron ID50_{50}50 Median (IQR)
	p-Value





	csDMARD only (n = 40)
	Positive
	3576 (11,552–2425)
	0.9
	6841 (8489–2293)
	0.09



	
	Negative
	4574 (8477–2026.5)
	
	1291 (4523.5–572.6)
	



	bDMARD (n = 59)
	Positive
	8722 (12,630–2888)
	0.4
	2559 (6408–1389)
	0.10



	
	Negative
	5078 (15,079–1308)
	
	1324 (4818–349.5)
	



	Corticosteroid (n = 156)
	Positive
	10,023 (21,870–4287)
	0.8
	4272 (11,844–2199)
	0.0003



	
	Negative
	5078 (15,079–1308)
	
	5079 (15,079–1308)
	



	Healthy controls (n = 123)
	Positive
	11,971 (20,354–5266)
	0.0056
	9667 (16,894–5324)
	2.58 × 10−6



	
	Negative
	5282 (13,080–2474.5)
	
	2511.5 (4709.8–992.9)
	










 





Table 3. Summary of average Anti SARS-CoV-2 neutralizing antibody levels (ID50) by group and COVID status.
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	Rheumatologic Patients—Omicron
	Control Group—Omicron
	Rheumatologic Patients—Wuhan
	Control Group—Wuhan





	COVID (−)
	3985
	4916
	7616
	7967



	COVID (+)
	7308
	10,812
	10,516
	11,971
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