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ABSTRACT
Patients with rheumatic diseases (RD) are considered to be a high-risk population for infection with the 
severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). The effectiveness of inactivated COVID-19 
vaccinations (ICVs) was described as more effective than 95%. Despite this, no data on the immunogeni-
city and safety of the ICV in Han race stable RD patients in China. In this study, we sought to assess the 
safety and immunogenicity of the ICVs in RD patients in South China. A total of 80 adult stable RD patients 
were recruited. Following 14–35 days of immunization, cheiluminescence immunoassays (CLIA) were 
utilized to detect antibodies titers. An investigation into the relative parameters on the immunogenicity 
response to vaccination was carried out using logistic regression analysis. Compared to the HC group, the 
positive response of IgG and Nab in RD patients were lower than those in healthy control (HC) (P = .040 
and P < .0001, respectively) after two doses of ICV were inoculated. The use of methotrexate (P = .016) and 
prednisolone (P = .018), and the level of red blood cell distribution width-C (RDW-C) (P = .035) and 
C-reactive protein (P = .015) were independently associated with lower rises in the magnitude of 
COVID-19 vaccine antibodies. No vaccine-related serious adverse reactions were observed in either 
group. After receiving two doses of ICVs, the production of protective antibodies in stable RD patients 
treated with immunosuppressive agents may decrease. It was discovered that ICVs were safe and well 
tolerated by RD patients.

PLAIN LANGUAGE SUMMARY
What is the context?
● There are currently no accessible data on the efficacy and safety of inactivated COVID-19 vaccinations 

in South China RD patients who are receiving immunosuppressive medications.
What is new?
● Inactivated COVID-19 vaccinations were immunogenic in stable RD patients in our investigation. No 

significant adverse reactions to the vaccination were seen in either group. No disease flares were 
observed in our study.

What is the impact?
● Inactivated COVID-19 vaccinations are immunogenic and safe in stable RD patients in China, according 

to the findings of this study. The use of methotrexate or prednisolone, the RDW-C level, and the CRP 
level may all have an effect on the development of protective antibodies following vaccination.

ARTICLE HISTORY 
Received 17 March 2022  
Revised 22 May 2022  
Accepted 13 June 2022 

KEYWORDS 
Rheumatic disease; safety; 
immunogenicity; COVID-19; 
inactivated vaccine; China

Introduction

The COVID-19 pandemic was triggered by the SARS-Cov 
-2 virus in 2019, and global demand for safe, effective, 
and fast-acting protective vaccinations soared.1,2 All eli-
gible individuals should be vaccinated against the 
COVID-19 virus as soon as feasible, according to the 
World Health Organization (WHO). Several COVID-19 
vaccines have been proven to be efficacious and have 
been licensed by international health organizations for 
emergency use.

Rheumatism (RD) patients have a higher risk of contracting 
COVID-19 than that in the general population.3 Nevertheless, 
RD patients are excluded from clinical trials for vaccine devel-
opment. Immune dysregulation increases the likelihood of 
COVID-19 infection in RD patients, and immunosuppressive 
drugs may compromise vaccine response.4,5 Serological 
responses in RD patients following influenza or pneumococcal 
vaccination were attenuated.6,7 The Korean College of 
Rheumatology (KCR),8 the German Society of Rheumatology 
(GSR),9 and the American College of Rheumatology (ACR)10 
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all highly advocate that the currently licensed COVID-19 vac-
cinations are safe and effective, and recommend RD patients 
who are in a stable condition should receive the vaccine, unless 
they are allergic to any of the vaccine’s ingredients.

Only a few exploratory studies have been conducted in 
South America (Brazil) and Turkey to assess the immunogeni-
city and safety of RD patients after receiving two doses of 
ICV.11,12 There is little information available about whether 
race has an impact on vaccine immunogenicity. It has been 
discovered that there are differences in circulating inflamma-
tory cytokine levels as well as genetic variations between ethnic 
origins.13 A single-center study discovered that serum trans-
formation in RD patients was delayed after the first dose of 
mRNA vaccine,14 but the response rate of the second dose of 
vaccine was significantly improved,15 which confirms the 
importance of the second dose of vaccine. So we focused on 
immunogenicity following two doses of immunization.

According to published findings,16,17 the use of immuno-
suppression, such as T-cell consumption or immunosuppres-
sive medication (ie, methotrexate, rituximab, etc.), may alter 
the antibody response in chronic inflammation and solid 
organ transplantation patients after receiving mRNA 
COVID-19 vaccination (The mechanisms of action of immu-
nosuppressive agents implicated in this article are detailed in 
Table S1).

Numerous clinical trials have provided crucial data for the 
safety and effectiveness of mRNA vaccines or subunit vaccina-
tions in healthy people.29–31 Nevertheless, the level of immu-
nogenicity of ICVs in RD patients in South China is unknown. 
Based on the COVID-19 vaccination strategy for RD patients 
by local government at that time, and the recommendation 
mentioned above,8–10 only stable stage patients were involved 
in this study. The goal of this study is to detect antibody 
response in stable RD patients in South China, as well as to 
investigate the factors that influence immunogenicity response 
to inactivated immunization in South China. So far, no data on 
the ICVs for South China stable RD patients have been 
published.

Material and methods

Study design and participants

A total of 23 healthy control cases and patients with RD were 
recruited from the Department of Rheumatology, Futian 
Rheumatology Hospital, Futian District, Guangdong Province 
from July 18 to 18 August 2021. For data analysis, the doctor 
completed a questionnaire of the COVID-19 vaccination status 
of patients, including clinical information and vaccine accept-
ability. All participants received two intramuscular injections 
of 0.5 ml inactivated vaccines licensed for use in China (includ-
ing CoronaVac, Sinovac Biotech or BBIBP-CorV, Sinopharm 
Biotech or KCONVAC, Shenzhen Kangtai Biological Products 
Co., Ltd, China) at a 21-28-day interval according to national 
guidelines with ICVs. SARS-CoV-2 immunoglobulin G (IgG), 
neutralizing Antibody (Nab), and IgM were detected by che-
miluminescence immunoassay (CLIA) testing (SARS-CoV-2 
Nucleic Acid Detection Kit, Maccura) after 14–35 days of 
immunization using standardized assays and international 

standards.32 Experimental calibration and control tests and 
test operating procedures were performed according to the 
manufacturer’s instructions. The results of sample detection 
for IgG and IgM were judged by S/CO value. The manufacturer 
set the cutoff of IgG and IgM at 1.0 index (S/C). The analyzer 
calculates the Nab concentration from a calibration curve 
based on the relative luminescence value (RLU) of the sample 
to be examined. A titer above 6.0 AU/mL was considered 
positive according to the manufacturer’s instructions. Thirty- 
two patients were immunized with CoronaVac, twenty-seven 
patients with BBIBP-CorV, nine patients with KCONVAC, 
and twelve patients with mixed vaccine of CoronaVac and 
BBIBP-CorV sequentially.

All patients signed informed consent before the study 
(FS202101001). The Ethics Committee of Shenzhen Futian 
Hospital for Rheumatic Diseases (Shenzhen, Guangdong, 
China) approved the study protocol (FS202101001), and all the 
study subjects gave written informed consent according to the 
Declaration of Helsinki. The protocol of this trial was registered 
in Chinese Clinical-Trials.gov (No.ChiCTR2100049114).

Inclusion criteria

(1) The respondents were confirmed RD patients by 
a rheumatologist in South China; (2) Their ages ranged from 
18 to 59 years old; (3) They know about their diagnosis; (4) 
Had the basic ability to read; (5) Had completed the COVID-19 
vaccination in China within 14 to 35 days.

Exclusion criteria

(1) Refusing to cooperate with investigators; (2) In severe 
condition and requires immediate medical treatment; (3) Not 
fulfill basic immunization standards, such as age ≥60 years old; 
(4) Had a positive history of COVID-19 infection.

Statistical analysis

All the outcomes of our multivariable analyses relied on the 
imputed datasets, and were united with Rubin’s rules.33 

Analysis of the variables consists of three steps. (1) The base-
line characteristics of participants were analyzed. RD patients 
were used as a grouping variable. The results of SARS-CoV-2 
IgG and IgM concentration levels were logarithmically con-
verted to normally distributed variables. The continuous 
results are reported as means±standard deviation, or as med-
ians [interquartile range (IQR)] for skewed distributions. 
Categorical variables are demonstrated as frequencies or as 
a percentage.T-test (normal distribution), two-tailed Mann- 
Whitney U-test (skewed distribution) and chi-square tests 
(categorical variables) were applied to reveal any statistical 
differences between the means and proportions of two groups. 
(2) A multivariable logistic regression model was used to 
appraise the associations between the non-antibody produc-
tion and the predictor clinical variable, and adjusted regression 
coefficient (B) with 95% confidence intervals (CIs) were 
assessed to evaluate the relationship between them. (3) This 
work was conducted based on the recommendations of the 
Strengthening the Reporting of Observational Studies in 
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Epidemiology (STROBE) statement. We simultaneously 
showed the results of both unadjusted, minimally adjusted 
analyses, and fully adjusted analyses.34 Whether or not the 
covariances were adjusted, we followed the principle that 
when they were added to the model, the matched OR changed 
by at least 10%. All of the analyses were carried out with the 
statistical software packages R (http://www.R-project.org; The 
R Foundation, Vienna, Austria) and EmpowerStats (http:// 
www.empowerstats.com;). P-values less than 0.05 (two-tailed) 
were considered to be statistically significant.

Results

Patients demographics

The study included 80 Han RD patients (30.00% men and 
70.00% women) and 23 HC patients (52.17% men and 
47.82% women). The median time after the second vaccine 
dose for RD patients was 28 days (IQR, 28–35), while the HC 
was 29 days (IQR, 29–34). Systemic lupus erythematosus (SLE) 
was diagnosed in 31.20% (25/80) of RD characters, rheumatoid 
arthritis (RA) was diagnosed in 31.20% (25/80), and axial 
spondyloarthritis (axSpA) was diagnosed in 23.7% (19/80). 
The average age of RD patients was 40.85 ± 9.50 years, while 
the average age of HC patients was 36.56 ± 11.10 years. In the 
RD group, the mean body mass index (BMI) was 21.883.02 kg/ 
m2, and 15.00% had a history of systemic damage.As for drugs 
used within three months, 31.20% (25/80) received MTX, 
40.00% (32/80) took prednisolone (prednisolone dosage <10  
mg qd). The baseline characteristics of all vaccinated RD 
patients are presented in Table S2.

Subsequently, we observed SARS-CoV-2 IgG and Nab in 80 
RD patients.

Immunogenicity

Analysis of antibody response and serum conversion rate of 
inactivated COVID-19 vaccine
Compared with the control group, the level of immunoglobu-
lin G (log-IgG) titer (0.041 ± 0.905) and log-Nab (1.083 ±  
0.467) in RD patients decreased significantly (P < .05, P < .01 

respectively). However, no significant difference was detected 
in the log-IgM level (−0.500 ± 0.624) between the two groups 
(P = .613), for more information, see Figure 1.

Univariate analysis of related factors of antibody production
The result of univariate analysis of the factors influencing the 
production of different antibodies was shown in Table S3. As 
can be seen from this data, usage of MTX (B = 0.30, 95% 
CI:0.11, 0.80, P = .016) and the level of RDW-C (95%CI:0.39, 
0.97, P = .035) were significant determinants of the lack of 
SARS-CoV-2 IgG response in RD patients.

At the same time, we found that use of prednisolone (95% 
CI:0.11, 0.81, P = .018) and the level of CRP (95% CI:1.12, 2.78, 
P = .015) might impact the capacity of SARS-CoV-2 Nab for-
mation in RD patients after the second vaccine dose, see Table 
S3 for details.

Multivariable analysis of related medication of antibody 
production
Additionally, we utilized a multivariable logistic regression 
model to examine the relationships between SARS-CoV-2 anti-
body response and immunosuppressive use. Table S4 sum-
marizes the non-adjusted and adjusted models. It was 
discovered that both the use of MTX and the degree of 
RDW-C had an independent effect on the absence of SARS- 
CoV-2 IgG production in RD patients following the second 
vaccine dose, regardless of whether the model was minimally 
adjusted (adjusted for gender, age) or fully adjusted (adjusted 
for age; gender; systemic damage; BUN, etc.), the result did not 
differ significantly (P < .05), as shown in Table S4 and 
Figure 2(a).

On the other hand, we discovered that the level of CRP and 
the use of prednisolone medication had an impact on the 
deficit of SARS-CoV-2 Nab in three models (P < .05), as 
shown in Table S5 and Figure 2(b).

Safety

Our research found ICVs to be safe and well tolerated. Ten 
patients and one HC occurrence out of 80 reported minor pain. 
One case had a slight fever, but the other ten had flu-like 

Figure 1. Differences in antibody levels (log) between the two groups after two doses of inactivated vaccines.
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symptoms such as muscular aches, headaches, and tiredness. 
Seven patients (7.00%) had adverse responses within seven 
days of receiving the first dose of vaccination, and three 
(3.00%) had adverse reactions within seven days of receiving 
the second dose. Aside from that, all reactions were self- 
limiting. We did not witness any illness attack during this trial.

Discussion

The COVID-19 pandemic had 240,940,937 confirmed cases 
and 4,903,911 deaths as of 19 October 2021, with 
6,545,309,084 anti-COVID-19 vaccination doses 
administered.35 Rheumatologists are up against a significant 
obstacle. The most effective action will be to develop safe and 
effective vaccinations for group immunity. In addition to the 
COVID-19 vaccine, many countries, notably China, are work-
ing on SARS-CoV-2 inactivated whole viral vaccines due in 
2020.36

The inactivated COVID-19 vaccines (ICVs) were found to 
be safe, immunogenic, and well tolerated by healthy volunteers 
in clinical trials.37,38 The World Health Organization (WHO) 
has approved two inactivated vaccines for emergency use 
(Sinopharm and Sinovac). Simultaneously, China has 
approved five of its vaccines for emergency use.

Rheumatic disease (RD) is a chronic inflammatory con-
dition that mostly affects the bones, joints, and soft tissues. 
Immunization with live or attenuated vaccinations is not 
indicated for RD patients. There is limited evidence of the 
efficacy of the ICVs in RD individuals; a small amount of 
research evidence has been focused on mRNA vaccines.39,40 

A recent native Chinese study showed that the percentage 
of inhibition was significantly lower in RA patients receiv-
ing two doses of vaccines compared with the HC group. 
This study enrolled both active and stable patients, and 
applied percent inhibition measurement.41 A single center 
study in Hong Kong focused on COVID-19 vaccination 
and arthritis flare among patients with rheumatoid arthritis 
(RA), and found that no evidence of increased risk of 
arthritis flare after fully vaccinated with ICV.42 But they 

did not study its immunogenicity. Based on the COVID-19 
vaccination strategy for RD patients by local government at 
that time, and the recommendation mentioned above,8–10 

only stable stage patients were involved in this study.
Our results indicated that compared with the HC controls, 

the positive reactions of stable RD patients to IgG and Nab 
were 60.00% (48/80) and 71.25% (57/80), respectively, whereas 
those positive response of HC were 82.6% (19/23) and 78.3% 
(18/23), respectively. It is similar to the conclusion reached in 
a study of inactivated influenza or pneumonia vaccines.6,7 This 
outcome was consistent with the findings of the majority of 
investigations on the response of mRNA vaccines.15,16,43

In addition, we used a logistic regression to investigate the 
factors that contributed to the reduction in antibody response 
to ICVs in RD patients, and discovered that the level of RDW- 
C (P = .035) and the use of MTX (P = .016) were impact factors 
that affected the production of IgG; Simultaneously, the level of 
CRP (P = .015) and the use of prednisolone (P = .018) were 
factors causing reduced Nab production.

The volume distribution width of red blood cells (RDW) is 
a parameter used to quantify the variability in the size of red 
blood cells in peripheral blood during standard blood testing. It 
is a biomarker of inflammatory activity in autoimmune 
disorders.44,45 The level of CRP increases to a variety of infec-
tions and inflammatory conditions, and these immune activa-
tion parameters, mediated by the predominance of memory 
CD4+ T cell phenotypes, have an effect on the immunogenicity 
and protective efficacy of vaccines available to prevent 
infections.46 Inflammation is also a factor in the decline in 
vaccination serum conversion rates.47

In this study, we discovered that treatment with MTX may 
significantly lower the IgG antibody response, which was in 
agreement with the findings of earlier studies.11,48 MTX may 
have a negative impact on immunogenicity in RD patients, and it 
is possible that this was due to reduced cellular immunity (CD8+ 
T lymphocyte activation) after vaccination.49

Other DMARDs (leflunomide, hydroxychloroquine, IL-17 
inhibitor, and iguratimod) had no effect on the development of 
SARS-CoV-2 antibodies. The antibody positive rate in RD 
patients using prednisolone (median dose 7.5 mg/day, P = .018) 

Figure 2. Difference of RDW-C in Anti-SARS-CoV-2 IgG group, and CRP in anti-SARS-CoV-2 NaB group. The difference was determined by t test. (a).Logistic regression 
analysis of the relationship between the level of RDW. C and the production of SARS-CoV-2 IgG antibody (P = .0218). (b).Logistic regression analysis of the relationship 
between the level of CRP and the production of SARS-CoV-2 NaB antibody (P = .0211). This box-and-whisker diagram shows the responses of vaccine antibodies 
measured 14-35 days after the completion of the full two-dose inactivated COVID-19 vaccination in patients with RD. The bottom and top edges of each box represent 
the first and third quartiles, respectively, the band within the box represents the median value, the whiskers represent values that are 1.5 times the interquartile range 
(IQR).
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ranged from 31.58 to 31.42% in our study. Glucocorticoids have 
been shown to impair the immunological response to 
vaccinations.50 Prednisolone’s dose-dependent effect (more 
than 10 mg/day) has been linked to a reduction in the immuno-
logical response caused by vaccines in persons with inflamma-
tory diseases.51,52 The outcomes of our investigation 
corroborated the findings.

Except for MTX and prednisolone, no additional drugs 
were shown to alter the antibody response in this study. 
There could be several reasons for this, including:

(1) The recruited vaccinated population had RD patients 
during the quiescent state of the disease, and they 
might have used fewer doses or types of drugs than 
those in the active state, even though their medications 
were used adequate;

(2) Individual preferences for different therapies may have 
influenced the results. For example, iguratimod is 
a rheumatoid arthritis therapy that inhibits nuclear factor 
(NF-kB) activation approved by the Pharmaceuticals and 
Medical Devices Agency of Japan (PMDA), and the 
China Food and Drug Administration (CFDA).53 It is 
less frequently used in the West than in China;

(3) In our investigation, among those without antibody IgG 
responses, eight TNF-a inhibitors, one Jak inhibitor, and 
one IL-17 antagonist were used; while five TNF-a inhibi-
tors were used among non-antibody Nab responses. 
Surprisingly, all individuals who got belimumab devel-
oped antibodies against vaccine. Unfortunately, there is 
not a single instance of rituximab reported, and we were 
unable to evaluate the immunogenicity of RD patients 
while they were in an active state.

The adverse reactions (AR) were mild to moderate in this 
investigation. No Grade 3 or Grade 4 adverse reactions were 
observed as to the Advisory Committee on Immunization 
Practices’ Interim (ACPI) definition.54 A mild reaction 
occurred in 3.00%-7.00% of RD patients within the first week 
after receiving ICVs, which is similar to the general 
population,55 but greater (9.5%) in a cross-sectional research 
conducted in Mexico. This study did not find thrombocytope-
nic purpura,56 myocarditis,57 or other disease outbreaks.58 

Unlike prior research,48 the AR was not associated with ele-
vated CRP (P = .332).

As previously indicated, patients with weakened immune 
systems couldn’t produce enough antibodies to fight against 
SARS-CoV-2 infection.59 In light of COVID-19, it is critical 
to improve vaccine responses in people with weakened 
immune systems. Long-term immunization against SARS- 
CoV-2 necessitates constant monitoring of susceptible 
patients, including those with RD. The immunological 
response of RD patients in South China to inactivated vac-
cines was found to be diminished. RD patients receiving 
ICVs should not delay.

There are a few limitations in this study, as follows: First, it 
was conducted at a single center and with a small sample size, 
and non-randomized design. Second, this study was limited to 
adult Han ethnicity individuals in China who were between the 

ages of 18 and 59 years old. As of 21 March, 2021, the govern-
ment prioritizes early-stage vaccination for healthy citizens or 
patients with stable chronic diseases aged 18–59 years old in 
China. Consequently, it is necessary to further evaluate the 
tolerance, safety, and immunogenicity of ICVs in Asian children, 
adolescents, and the elderly (over 60 years old). Third, we did not 
conduct any experiments to assess the cellular immune response 
following vaccination, because the antibody response correlates 
well with T-cell mediated immunity.60 Fourth, the persistence of 
the immune response induced by the ICVs were not observed.in 
our study, we only detected the immunogenicity of ICVs on 14- 
35 days after the second injection, and long-term follow-up 
cohort study need to be explored. We did not inspect peri- 
vaccination immunosuppression situation in this study. 
A greater number of enrolled cases should be obtained through 
multi-center studies.

Conclusion

We first described a glimpse of the safety data regarding the 
ICVs in stable RD patients in the Han population without 
serious side effects or disease attacks. In this study, we discov-
ered that the ICVs have high levels of safety and tolerance. It is 
critical to develop a vaccination portfolio comprised of 
a variety of techniques in order to provide a more effective 
defense against the SARS-CoV-2 pandemic.
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