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Objectives: Attenuated humoral response to mRNA SARS-CoV-2 vaccines has been reported in some patients with autoimmune disease, e.g., rheumatoid arthritis (RA). However, data of immune responses to inactivated SARS-CoV-2 vaccine in the RA population are still unknown. Herein, the safety and immunogenicity of inactivated SARS-CoV-2 vaccines in RA patients were analyzed.

Methods: Seventy five RA patients and 26 healthy controls (HC) were respectively recruited from Yunnan Provincial Hospital of Traditional Chinese Medicine and the community in Kunming city. Neutralizing Antibody (NAb) Test ELISA kit was used to measure the percentage of inhibition. AKA (anti-keratin antibody) positivity was detected using indirect immunofluorescence. Rheumatoid factor (RF)-IgA was detected by ELISA. RF-IgG, RF-IgM, and anti-cyclic citrullinated peptide (CCP) antibodies were measured by chemiluminescence. ESR (erythrocyte sedimentation rate) was detected by ESR analyzer. C-RP (c-reactive protein) was detected by immunoturbidimetry. NEUT% (percentage of neutrophils) and LYMPH% (percentage of percentage) were calculated by a calculation method.

Results: Compared with the HC group, the percentage of inhibition was significantly lower in RA patients receiving two doses of vaccines. Vaccines-induced percentage of inhibition was the lowest in RA patients who had not been vaccinated. In total 80.77% of the HC group had a percentage of inhibition ≧20%, compared with 45.24% of vaccinated RA patients and 6.06% of unvaccinated RA patients. Spearman correlation analysis revealed that antibody responses to SARS-CoV-2 did not differ between RA patients according to their age and disease duration. Furthermore, the results showed that no correlation was found between the percentage of inhibition and indices for RA, including RF-IgA, IgG, IgM; anti-CCP antibody; ESR; C-RP; NEUT% and LYMPH%.

Conclusion: Our study showed inactivated vaccine-induced SARS-COV-2 antibody responses differ in RA patients and healthy subjects, emphasizing the importance of a third or fourth vaccination in RA patients.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) has progressed to a worldwide pandemic and posed enormous challenges to healthcare (1). Since January 2020, the virus has spread rapidly to large parts of China and other countries, which soon captured global attention with the pathogen identified as SARS-CoV-2. According to new data released by WHO (World Health Organization) on 18 March 2022, there have been 464,809,377 confirmed cases, and approximately 6,062,536 people have died from COVID-19. Currently, the COVID-19 pandemic is still a global challenge as there are continuous genetic variations of the SARS-CoV-2 genome and mutations in the S protein are increasingly reported (2). A new variant of SARS-CoV-2 (Omicron) has more than 50 mutations and is spreading rapidly with an average doubling time of 2 days, and has taken over globally including dividing into subvariants with even more diversity and transmissibility (3). Vaccination may be the most efficient strategy, which is crucial for controlling the COVID-19 pandemic. According to data released by the Chinese National Health Commission on March 19, 2022, more than 3.22 billion COVID-19 vaccine doses have been administered on the Chinese mainland (http://www.nhc.gov.cn/xcs/yqjzqk/list_gzbd.shtml), and nearly 1.24 billion people have been fully vaccinated.

Rheumatoid arthritis (RA) is a chronic autoimmune and inflammatory disorder, which occurs when your immune system attacks your own body's tissues by mistake. RA typically affects the joints, but the systemic inflammatory process can also cause damages on a wide variety of body systems, including the skin, eyes, lungs, heart, and blood vessels (4). Previous studies have shown that he immunogenicity of the pneumococcus vaccine is reduced in RA patients treated with methotrexate (5). Hepatitis B virus vaccines may be less immunogenic in RA patients receiving anti-TNF therapy (6). A study has found impaired antibody responses to the BNT162b2 messenger RNA coronavirus disease 2019 vaccine in RA patients (7). Certain therapies (anti-TNF, anti-IL17, anti-IL6, anti-IL12/23) did not appear to affect seroconversion rates, whereas anti-CD20 and anti-CTLA-4 resulted in poorer responses in rheumatic and non-rheumatic patients treated with immunosuppressive agents (7, 8). The COVID-19 pandemic created concerns about immunosuppression in autoimmunity (9). Although vaccination is recommended for RA patients, they are still anxious about getting vaccinated as the patients with autoimmune disease showed an attenuated humoral response to SARS-CoV-2 vaccination (10), and research showed that immunosuppressed status is associated with an increased risk of COVID-19 infection despite vaccination (11). However, these findings are mostly based on mRNA vaccines (12). It is still unclear whether disease-modifying anti-rheumatic drug (DMARD) treatment can affect inactivated SARS-CoV-2 vaccine-induced seropositivity, which are main types of vaccines used in China.

In this study, we evaluated the safety and immunogenicity of inactivated SARS-CoV-2 vaccine in RA patients and provided further evidence for RA patients to receive inactivated SARS-CoV-2 vaccines.



MATERIALS AND METHODS


Study Design

RA patients and healthy controls received two doses of vaccine mainly between May and August 2021. Blood samples were collected around December 2021. The study population consisted of 75 RA patients and 26 healthy controls (HC), the baseline characteristics of whom were shown in Table 1. Forty-two of 75 patients (56%) received two doses of inactivated SARS-CoV-2 vaccines, and all the HC group were injected twice with the same dose of inactivated SARS-CoV-2 vaccines (Sinovac Life Sciences, Beijing, China, 3μg/0.5mL). Each participant was injected with 0.5 mL of vaccine each time. A standard flow diagram for this study has been shown in Figure 1.


Table 1. Baseline characteristics of unvaccinated and vaccinated RA patients, as well as vaccinated healthy controls.
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FIGURE 1. A standard flow diagram for this study.


The inclusion criteria met the 1987 American College of Rheumatology (ACR) criteria. Patients with moderate to high activity (Disease Activity Score in 28 Joints (DAS28) > 3.2) were aged between 18 and 70 years, and there was no restriction on gender and disease course. Those who voluntarily take the test have signed the informed consent. The exclusion criteria were those who did not meet the inclusion criteria or those with overlapping rheumatic diseases such as systemic lupus erythematosus, sjogren's syndrome, severe osteoarthritis, or those with mental or legal disabilities, and those who were unwilling to sign informed consent. The key exclusion criteria included no history of exposure to COVID-19 and positive PCR tests for SARS-CoV-2. The HC were healthy volunteers who did not receive immunosuppressive treatments. The study was approved by Yunnan Provincial Traditional Medicine Hospital Ethics Committee (NO. YNSZLL-AF-027-2020/07), and registered at ClinicalTrials.gov (NCT05191368). Written consent was obtained from all participants before sampling.



Routine Laboratory Measurements and Autoantibody Analyses

Blood samples were collected from RA patients as part of routine clinical testing. In this study, AKA (anti-keratin antibody) positivity was detected using indirect immunofluorescence (13). Rheumatoid factor (RF)-IgA was detected by ELISA (13). RF-IgG, RF-IgM, and anti-CCP antibodies were measured by chemiluminescence (14, 15). ESR (erythrocyte sedimentation rate) was detected by ESR analyzer (15). C-RP (c-reactive protein) was detected by immunoturbidimetry (16). NEUT% (percentage of neutrophils) and LYMPH% (percentage of percentage) were calculated by a calculation method (17).



Percent Inhibition Measurement

Percent inhibition measurement was based on the competitive inhibition of the interaction between the SARS-CoV-2 spike protein and the angiotensin-converting enzyme 2 cell surface receptor (18). Serum samples were collected and the SARS-CoV-2 S protein Neutralizing Antibody Test ELISA kit (SN: EKnCo v001, Frdbio, Wuhan, China) was used to measure the percentage of inhibition, which was calculated using the following formula: percentage of inhibition = (1–(OD 450 of sample/OD 450 of negative control) × 100%. Percentage of inhibition ≧20% means anti-SARS-CoV-2 neutralizing antibodies (NAbs) detected (seropositive), and percentage of inhibition < 20% means anti-SARS-CoV-2 NAbs not detected (seronegative) (19). The criterion for the validity of experimental data is: OD450 (or OD450/OD630) of negative control wells > 0.900, and OD450 (or OD450/OD630) of positive control wells < 0.300. The experiment was carried out in strict accordance with the instructions. A Variskan flash automatic microplate reader (Thermo Scientific, USA) was used to measure absorbance at 450 nm.



Statistical Analysis

The SPSS 22.0 software was used to perform the statistical analysis. Shapiro–Wilk test was used to analyze whether the data followed a normal distribution. If the data were normally distributed, they were presented as mean ± SD (standard deviation), and two independent samples t-tests were used. If they were not normally distributed, they were presented as median (IQR, interquartile range), and Kolmogorov-Smirnov test was adopted. The enumeration data were described by frequency and percentage, and χ2 test was used. p < 0.05 was considered to be statistically significant.




RESULTS


Participant's Characteristics

As shown in Table 1, the age of unvaccinated and vaccinated RA patients was respectively 62 (45–69) years and 56 (45.5–60) years, and no significant difference was observed (p = 0.070). Among unvaccinated RA patients, 4 (12.12%) were male and 29 (87.88%) were female, while the percent of male and female was 28.57% and 71.43% among vaccinated RA patients, and no significant difference was evident (p = 0.084). The disease characteristics of unvaccinated RA patients were not significantly different from those of vaccinated RA patients (Table 1, p-values > 0.05) other than the duration of disease (p = 0.002) with longer disease duration in vaccinated RA patients [8.5 (5.02–17.79) years]. All RA patients have received continuous therapy with conventional synthetic (cs), biological (b), or targeted synthetic (ts) DMARDs, as well as Janus kinase (JAK) inhibitors, prednisone or tripterygium glycosides tablet (TGA). csDMARDs was used in 31 (43.66%) patients, and 17 (22.54%) patients were treated with bDMARDs. In total 9 (12.68%) patients were given JAK inhibitors, and 11 (15.49%) patients were taking prednisone. In total 15 (21.13%) patients were prescribed with TGA. There was a significant difference in the proportion of patients using JAK inhibitors between unvaccinated (27.59%) and vaccinated (2.38%) in RA patients (Table 1, p = 0.006). While, the other treatment strategies were similar between unvaccinated and vaccinated RA patients (Table 1, p-values > 0.05).

The HC group (44.5 (36.25–53) years) were younger (Table 1, p = 0.001) than RA patients (56 (45.5–60) years), and there was also a significant difference in the sex ratio between the two groups (p = 0.007). The interval time between the second vaccination and serum sampling was significantly shorter in RA patients than HC (RA vs. HC: 142 (110.5–189.5) days vs. 184.5 (167.5–190.75) days, p = 0.003).



Vaccine Safety

It is relatively safe for RA patients to receive two doses of inactivated SARS-CoV-2 vaccines. Side effects and adverse reactions were comparable to the HC group. No serious adverse events were reported among HC. In total 2 (4.44%) of the RA patients developed significant joint pains, knee effusion, and swelling of the hands and feet after the second dose. However, it is still unclear whether the adverse events were related to the vaccination.



Percentage of Inhibition

Compared with the HC group, the percentage of inhibition was significantly lower in RA patients receiving two doses of vaccines (Figure 2A, RA: median 17.24%, IQR 12.68–29.50; HC: median 27.08%, IQR 20.58–34.36; p = 0.006). While, the percentage of inhibition was the lowest in RA patients who have not been vaccinated (Figure 2A, median 15.26%, IQR 12.89–17.43), which was significantly lower than vaccinated RA patients (Figure 2A, p = 0.003) or HC (Figure 2A, p = 1.782 × 10−7). 18 (80.77%) of 26 HC had a higher seropositivity, compared with 19 (45.24%) of 42 vaccinated RA patients (Figure 2B, p = 0.004) and 2 (6.06%) of 33 RA patients who had not received the vaccination (Figure 2B, p = 5.173 × 10−9). Furthermore, the difference was also significant between vaccinated and unvaccinated RA patients (Figure 2B, p = 0.0002).
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FIGURE 2. Anti-SARS-CoV-2 antibody responses from RA patients and HC. (A) The percentage of inhibition from individuals who have not been vaccinated RA patients (n = 33), vaccinated RA patients (n = 42) and healthy controls (HC, n = 26). Symbols show individual values, red line show the cut-off value (20%), and black horizontal bars show medians. Statistical analysis was done using the Kolmogorov-Smirnov test. Data were presented as median (IQR). **p < 0.01; ***p < 0.001. (B) Seropositive rate of unvaccinated RA patients (n = 33), vaccinated RA patients (n = 42) and healthy controls (HC, n = 26). Statistical analysis was done using the χ2 test. **p < 0.01; ***p < 0.001.




Inhibition Percent in Relation to Levels of Laboratory Indicators

Spearman correlation analysis revealed that antibody responses to SARS-CoV-2 did not differ between RA patients according to their age (Figure 3A, r = 0.004, p = 0.980) and disease duration (Figure 3B, r = 0.363, p = 0.075). Furthermore, lower NAbs percentage of inhibition was not caused by RA-induced immune impairments, including immune-related indicators: RF (Figure 3C, IgA: r = 0.017, p = 0.925; Figure 3D, IgG: r = −0.108, p = 0.535; and Figure 3E, IgM: r = 0.041, p = 0.819), C-RP (Figure 3F, C-reactive protein: r = −0.361, p = 0.064), ESR (Figure 3G, erythrocyte sedimentation rate: r = −0.146, p = 0.401), and anti-CCP antibody (Figure 3H, anti-cyclic citrullinated peptide antibody: r = −0.286, p = 0.095), as well as LYMPH% (Figure 3I, r = 0.093, p = 0.611) and NEUT% (Figure 3J, r = 0.121, p = 0.509).
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FIGURE 3. Correlations between indices for RA and percentage of inhibition. (A) Correlation between the age of patients and percentage of inhibition. (B) Correlation between the disease duration and percentage of inhibition. (C) Correlation between the RF-IgA and percentage of inhibition. (D) Correlation between the RF-IgG and percentage of inhibition. (E) Correlation between the RF-IgM and percentage of inhibition. (F) Correlation between the C-RP and percentage of inhibition. (G) Correlation between the ESR and percentage of inhibition. (H) Correlation between the Anti-CCP antibody and percentage of inhibition. (I) Correlation between the LYMPH% and percentage of inhibition. (J) Correlation between the NEUT% and percentage of inhibition. No significant correlations were evident between indices for RA and percentage of inhibition (all p-values > 0.05).





DISCUSSION

In response to the SARS-CoV-2 outbreak and the resulting COVID-19 pandemic, a global competition to develop anti-COVID-19 vaccine has ensued (20). As the vaccination programs progress worldwide, the requirement of credible SARS-CoV-2 antibody assays (to demonstrate a successful vaccine response) will probably remain over the next couple of years (21). Previous studies have provided sufficient data on the safety and immunogenicity of vaccines in healthy individuals, with satisfactory results. Moreover, considering increased risks of COVID-19 infection and severe outcomes, the immune response of RA patients to vaccines needs to be further assessed (22). Effectiveness of mRNA COVID-19 vaccine in autoimmune disease patients have been studied (11, 23). Recent studies have demonstrated an attenuated humoral response to mRNA SARS-CoV-2 vaccination in patients with autoimmune disease (10, 24). However, data on immune response responses to inactivated SARS-CoV-2 vaccine in the RA population remains unknown. Based on the global prevalence of SARS-CoV-2 infection, there should be comprehensive data on immune responses to inactivated vaccines in RA patients. Besides, studies have shown that NAbs level is a good biomarker for the correlate of protection against COVID-19 (25, 26). Thus, we sought to describe the NAbs level in patients with RA who received two injections of inactivated SARS-CoV-2 vaccine.

Inactivated virus vaccines could be prepared through the employment of established physical and chemical methods such as UV light, formaldehyde, and β-propiolactone (27), which have both advantages and disadvantages. It is easy to prepare, safe, and has high-titer NAbs, but it is unsuitable for highly immunosuppressed individuals (28). A study has demonstrated that the seroconversion rates of neutralizing antibodies were 3.3% (2 out of 60) and 95% (57 out of 60) for individuals who had received 2 and 3 doses of vaccine, respectively (29). To our knowledge, this is the first study to investigate the effects of inactivated SARS-CoV-2 vaccine on RA patients. Our data demonstrated that the response of inactivated vaccine-induced immune responses differ between RA patients and HC, consistent with the finding from mRNA vaccines (12). This suggests that RA patients should receive a third or fourth booster dose to mount a comparable antibody response, especially for the rapidly spreading omicron variant (30). A booster dose has proven to be highly effective against COVID-19 and related severe disease and death. The data from Centers for Disease Control and Prevention (CDC) has shown that unvaccinated adults are nearly six times more likely to test positive for COVID-19 and 14 times more likely to die from the virus compared to vaccinated individuals. Therefore, the CDC has updated its guidance to indicate that immunocompromised people can get a fourth COVID-19 shot. In addition, our study showed that the whole course (2 doses) vaccination of inactivated vaccines are safe for RA patients. Adverse symptoms were less severe and mostly transient, and pain at the injection site was the most reported symptom. Regarding abnormal laboratory indicators, two patients developed joint pain in the limbs, knee joint effusion, swelling, and pain in both hands and feet after the second dose of injection, but it is undetermined whether the adverse events are related to the vaccination. Overall, the safety profile for most RA patients was equally good.

RA patients have been taking immunosuppressive or immunomodulatory drugs. Such treatments, e.g., glucocorticoids or DMARDs, may potentially result in decreased responses to vaccination, including establishing and maximizing the immune response (31). Attenuated levels of anti-spike IgG antibodies and neutralization capacity, as well as B cell responsiveness, were reported in RA patients treated with JAK inhibitors (32). JAK inhibitors can also impair IFN-mediated antiviral responses and increase the risk of secondary infection (33). Thus, a temporary suspension of tsDMARDs was recommended to RA patients infected with SARS-CoV-2. Our results showed that the use of JAK inhibitors was significantly different between vaccinated and unvaccinated RA patients, and other indicators were not significantly different (Table 1). The reason why some patients did not receive vaccination in our study maybe that they were taking JAK inhibitors, which may weaken antiviral responses and increase the risk of secondary infection. None of RA patients or HC reported symptoms suggestive of COVID-19 throughout the observation period, and none had a positive SARS-CoV-2 antigen or RT-PCR test. Of note, percentages of inhibition of two RA patients after the second vaccination were higher than 80%, which was 96.50 and 89.50%, respectively. The first patient received a combination drug therapy, including methotrexate, adamu, folic acid, and leflunomide. The second patient received treatments of methotrexate, leflunomide, prednisone, and TGA. These results suggested that csDMARDs and bDMARDs may not affect vaccine-induced antibody responses. It should be noticed that one patient using JAK inhibitors had a low percentage of inhibition (6.40%), which received a second dose of inactivated vaccine on November 1, 2021, and his serum was sampled on December 2. Although the time interval was short, NAbs were negative. It is suggested that JAK inhibitors may inhibit the production of NAbs, which is consistent with other studies (32). However, it is an individual case, and the relationship between JAK inhibitors and NAb inhibition rate is unclear, and further research is needed to verify. Conflicting results were reported in patients using methotrexate (8, 34). We did not find that methotrexate hampers humoral response to vaccine in our case series. Herein, twenty-one patients (7 males, 14 females) were treated with csDMARDs alone, all males were negative. It is suggested that the vaccine effect may be lower in males compared with females, and the correlation between gender and NAb inhibition rate needs to be further explored. In addition, six RA patients used prednisone, 2 of whom were positive for NAbs. Because some patients used drugs such as csDMARDs and Tripterygium glycosides tablet simultaneously, the relationship between drug use and inhibition rate was complicated, and the sample size needs to be expanded to further research. See the Table 1 for more details.

In unvaccinated RA patients, two patients showed >20% inhibition. It may be that some people may have been directly or indirectly exposed to other similar coronaviruses in their lives, which induced the production of antibodies in their bodies. Studies have shown that late humoral and cellular responses are detected in some people who have not been exposed to SARS-CoV-2 (35). Furthermore, when qualitative experimental methods are evaluated, the clinical diagnosis is unknown in many cases. Therefore, it is understandable that the antibody inhibition rate was slightly higher than 20% in the serum of two individual patients in this study. Of course, it is undeniable that this is also related to individual differences.

One limitation of our study was the age and sex mismatch between the RA group and the HC group, but fortunately, age was not the major influencing factor (36). Studies have found that attenuated anti-SARS-CoV-2 antibody response to vaccination in patients with rheumatic diseases, and non-responders and responders were equally distributed across all age categories (37). In addition, there was no significant correlation between age and the inhibition rate of NAb produced by inactivated vaccine (19), which was consistent with the results of this study. Whether there is a correlation between age and NAb inhibition rate produced by inactivated vaccine needs to be further verified by expanding the sample size. In addition, previous studies have shown that males had lower serological response to SARS-CoV-2 vaccination (38). Male gender had been implicated in the poor vaccination responsiveness in general population (39–41). In this study, with the same injection of 2 vaccines, there were more males in the HC (16 males, 10 females), and fewer males in the RA group (12 males, 30 females), while the NAb inhibition rate in the RA group was still lower. These all suggested that RA patients exhibited lower humoral responses to vaccines than the HC group. Another limitation was that the time interval between the second vaccination and serum sampling was significantly different between RA patients and HC, shorter in RA patients than in the HC group. There is evidence showing declines in vaccine effectiveness against COVID-19 with increasing time (36), and a significant antibody decline was observed at 3-month post-vaccination (42). In this study, the percentage of inhibition to SARS-CoV-2 was still lower in RA patients with a relatively shorter interval. This may be related to the use of immunosuppressants in RA patients, which needs to be confirmed by further studies.

In summary, our study suggests that 2-dose of inactivated vaccine-induced SARS-COV-2 antibody responses differ in RA patients and healthy subjects, emphasizing the importance of a third or fourth vaccination in RA patients. Future studies with larger sample sizes and longer follow-up time are required to define the optimal vaccine strategy and clarify whether DMARDs should be suspended in RA patients to increase the positive responses to vaccination and better protect this vulnerable population.
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RA patients (n = 75)

Unvaccinated (n = 33) Vaccinated (n = 42) p-value
Age, yrs, median (IQR) 62 (45-69) 56 (45.5-60) 0070
Female sex, n (%) 29(87.88) 30 (71.4) 0.084
RA disease characteristics
AKA positivity, n (%) 20 (62.5) 27 (77.14) 0.191
RA disease duration, yrs, median (IQR) 6(3-15) 85 (6.02-17.79) 0.002
RF-IgA, U/ml, median (QR) 29.69 (1.30-189.47) 41.4(7.06-154.8) 0.476
RF-IgG, AU/m, median (QR) 86.25 (12.70-231.25) 144 (70.2-389) 0278
RF-IgM, AU/m, median (QR) 113.35 (16.13-383.50) 299 (125.25-643.5) 0.170
Anti-COP antibody, U/m, median (IQR) 223 (34.13-630.50) 419 (118-770) 0.459
ESR, mmvh, mean (SD) 49.97 (27.78) 46.2(29.5) 0.761
C-RP, mg/l, median (IQR) 16,04 (7.05-55.26) 7.45(1.7-37.8) 0.155
NEUT%, mean (SD) 67.50 (20.02) 61.4(15.7) 0208
LYMPH9%, median (QR) 2030 (13.6-34) 24.31(13.60-33.9) 0705
DMARD therapy
csDMARDS (Monotherapy), n (%) 10/(34.48) 21(50) 0.195
bDMARDs, n (%) 7(24.14) 9(21.43) 0.788
bDMARDs (Monotherapy), n (%) 0 11111 1.000
JAK inhibitors, n (%) 8(27.59) 1(2.38) 0.006
Predinisone, n (%) 5(17.24) 6(14.29) 0996
TGT,n (%) 9(31.09) 6(14.29) 0089

RA patients (n = 42) Healthy controls (n = 26)
Age yrs, median (QR) 56 (45.5-60) 44.5(36.25-63) 0.001
Female sex, n (%) 30(71.4) 10 (42.3) 0.007
Mean interval between 2nd vaccination and sampling, days, median (IQR) 142 (110.5-189.5) 184.5 (167.5-190.75) 0.003

AKA, anti-keratin antibody; RF, theumatoid factor; CCR. cyclic citrulinated peptide; ESR, erythrocyte sedimentation rate; C-RP, c-reactive protein; NEUT, neutrophils; LYMPH,
Iymphocytes; DMARD, disease modifying antirheumatic drugs; cs, conventional synthetic; b, biologic; JAK, Janus kinase; TGT, tripterygium glycosides tablet.
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