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Abstract
Objective

Rheumatic and musculoskeletal diseases (RMD) may exhibit different immune responses to novel coronavirus 
(COVID-19) infection compared to healthy individuals. While previous studies have primarily investigated changes 

in COVID-19-related antibodies post-vaccination for RMD patients, this study sought to explore the dynamics of 
SARS-CoV-2 IgG antibodies and neutralising antibodies (NAb) in RMD patients after COVID-19 infection. 

Methods
In this longitudinal study, we monitored the SARS-CoV-2 IgG antibodies and NAb levels in RMD patients and 

healthy controls (HC) at 60 and 90 days post-COVID-19 infection. Chemiluminescent immunoassay was used to 
detect the levels of novel coronavirus-specific IgG (anti-S1/S2 IgG) antibodies and NAb.

Results
A total of 292 RMD patients and 104 HC were enrolled in the study. At both the 60-day and 90-day post-COVID-19 
infection, RMD patients exhibited significantly lower levels of anti-S1/S2 IgG and NAb than those in the HC group 

(p<0.001). The anti-S1/S2 IgG antibody levels remained relatively stable, while the NAb levels in RMD patients 
could vary greatly between the 60th and 90th days. A logistic regression analysis revealed that the prior administration 

of glucocorticoids (GC), immunosuppressants, and b/tsDMARDs stood out as independent risk factors associated 
with reduced anti-S1/S2 IgG and NAb levels, irrespective of the specific RMD subtypes. 

Conclusion
GC and anti-rheumatic medications can potentially alter the production of specific antibodies, especially NAb, 

in RMD patients post-COVID-19 infection. These findings emphasise the importance of continuous monitoring for 
NAb fluctuations in RMD patients following a COVID-19 infection. 
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Introduction
Rheumatic and musculoskeletal diseas-
es (RMD) comprise a diverse set of con-
ditions affecting hundreds of millions of 
people globally. RMD are characterised 
by chronic inflammation that targets the 
musculoskeletal system, blood vessels, 
and other tissues. Although the exact 
mechanisms underlying RMD are not 
fully understood, a complex interplay 
of genetic, immune, and environmental 
factors is critical in disrupting immune 
tolerance to self-antigens (1).
Infections have been implicated in the 
pathogenesis of RMD. Infections can 
contribute to the onset and worsening of 
certain RMD by activating the immune 
system through a mechanism known as 
molecular mimicry (2). Additionally, 
deficiencies in the function or quality 
of specific immune cells, such as Treg 
cells, can impair the body’s defence 
against viral and bacterial pathogens 
(1). Furthermore, medications com-
monly used to manage RMD, such as 
cytokine-targeted therapies and mono-
clonal antibodies, may elevate the risk 
of infections (3).
Since the outbreak of the novel coro-
navirus (COVID-19) in 2019, millions 
of people have been infected, triggering 
a global health crisis (4). COVID-19 
pandemic also has posed significant 
challenges to patients with RMD. Due 
to pre-existing conditions and ongo-
ing medications, the immune response 
of RMD patients to COVID-19 may 
diverge from that of the general popu-
lation. Most studies supported an in-
creased risk and poor outcomes of 
SARS-CoV-2 infection in patients with 
RMD. The individual risk factors as-
sociated with poor outcomes included 
gender male, older age and therapies 
(glucocorticoids, sulfasalazine, im-
munosuppressants and rituximab) (5). 
Therefore, understanding the difference 
of immune response in these patients 
following COVID-19 infection is es-
sential for crafting personalised treat-
ment plans and risk assessments.
One crucial element of immune re-
sponse to viral infections is the produc-
tion of specific antibodies, particularly 
IgG antibodies. These antibodies serve 
as important indicators of immune 
health and offer enduring protection 

during recovery (6). Neutralising an-
tibodies (NAb), in contrast, directly 
counteract viral infection and are vi-
tal for containing and controlling viral 
spread (7). The presence of both types 
of antibodies is considered a key indi-
cator of an effective immune response 
against viral infections. 
In the case of COVID-19, much re-
search has been conducted on the 
production of specific IgG antibodies 
within the general population (8-13). 
However, among RMD patients, most 
studies have concentrated on antibody 
levels post-vaccination. These results 
are inconsistent due to variations in the 
types of vaccines used and their effica-
cy. The question remains whether RMD 
patients are more susceptible to lower 
antibody levels following COVID-19 
infection, possibly due to immune 
dysfunction or the use of immune-sup-
pressing drugs (14-15). 
We carried out a longitudinal study to 
monitor changes in SARS-CoV-2 IgG 
antibodies and NAb levels of RMD 
patients post 60 days and 90 days of 
COVID-19 infection in RMD patients. 
We aim to address two key questions: 
first, whether the specific type of RMD 
influences the production of IgG anti-
bodies and NAb; and second, whether 
the use of glucocorticoids (GC) or im-
munosuppressive medications affects 
the production of COVID-19-related 
antibodies. 

Patients and methods
Study design and population
This study enrolled COVID-19 pa-
tients who had a pre-existing RMD 
from December, 2022 to April, 2023. 
Diagnosis of COVID-19 was based on 
a polymerase chain reaction test or an 
antigen test for SARS-CoV-2 from sa-
liva, or nasopharyngeal swabs. Initially, 
an electronic message about this study 
was sent to the RMD patients who were 
followed up regularly in our depart-
ment, informing them that they should 
visit our outpatient department approxi-
mately 60 days after diagnosed with 
COVID-19 to participate in this study. 
Healthy volunteers with SARS-CoV-2 
infection served as the healthy control 
group (HC). The study protocols and 
the consent forms were approved by the 
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Research Ethics Committee of the First 
Affiliated Hospital of Nanjing Medical 
University, (approval no: 2023-SR-334) 
and written informed consent was ob-
tained from all participants. The follow-
ing items were recorded: demographic 
data, symptoms, clinical course and 
treatment of COVID-19 infection, dis-
ease activity and medication of RMD 
before and after COVID-19 infection. 
Immunosuppressants and b/tsDMARDs 
except cyclophosphamide and rituxi-
mab were defined as stable taken for 
more than one month before COVID-19 
or the detection of antibodies, while 
cyclophosphamide or rituximab were 
defined as the use within 6 months of 
COVID-19 or antibody testing.

Serological testing
Peripheral blood was collected on day 
60 and day 90 after COVID-19 infec-
tion from RMD and HC. Blood samples 
were collected, centrifuged and plasma 
was stored at -80°C. Human IgG anti-
bodies against the SARS-CoV-2 spike 
(S) 1 and S2 proteins and the NAb tar-
geting RBD were measured using the 
iFLASH-2019-nCoV IgG CLIA assay 
and iFLASH-2019-nCoV NAb CLIA 
assay (Shenzhen YHLO Biotech Co. 
Ltd.) The two assays were performed 
following the manufacturer’s instruc-
tions. Seropositivity was defined as 
anti-SARS-CoV-2 (S1/S2) IgG or NAb 
of more than 10.0 UA/mL according to 
the manufacturer’s guide. 

Statistical analyses
Continuous variables were expressed 
as medians (IQR) and categorical vari-
ables were expressed as number and 
percentage (%). Anti-S1/S2 IgG and 
NAb levels between different groups 
were compared by chi-square tests for 
categorical variables, and by Mann-
Whitney tests for continuous variables. 
Multivariable linear regression analy-
ses and logistic regression analyses to 
assess the association of relevant varia-
bles with IgG and NAb antibody titres. 
A p-value less than 0.05 was consid-
ered as significant. Statistical analyses 
were made with IBM SPSS Statistics 
(v. 27.0), and graphical presentation 
of the data was made using GraphPad 
Prism (v. 9.1.0).

Fig. 1. Study flowchart.

Table I. Demographic and clinical characteristics of the study participants.

 RMD (n=292) HC (n=104) p-value

Demographics      
Age (years) 45.5  (32.0-57.0) 44.5  (32.0-57.8) 0.931
Male sex, n (%) 26  (8.9) 5  (4.8) 0.182

RMD   - -
RA, n (%) 66  (22.6) - -
SLE, n (%) 129  (44.2) - -
pSS, n (%) 39  (13.4) - -
IIM, n (%) 6  (2.1) - -
Primary vasculitis, n (%) 8  (2.7) - -
UCTD, n (%) 18  (6.2) - -
Other RMDs, n (%) 26  (8.9) - -
Disease duration, years 5.0  (3.0-10.0) - -

Therapy before infection    
Prednisone, n (%) 129  (44.2) - -
Dose, mean ± SD mg 13.4 ± 16.3  
Prednisone ≥10mg/day (3 months), n (%) 62  (21.2) - -
Hydroxychloroquine, n (%) 136  (47.6) - -
Immunosuppressive drugs, n (%) 136  (47.6) - -
Methotrexate, n (%) 33  (11.3) - -
Leflunomide, n (%) 25  (8.6) - -
Iguratimod, n (%) 16  (5.5)  
Mycophenolate mofetil, n (%) 44  (15.1) - -
Azathioprine, n (%) 7  (2.4) - -
Calcineurin inhibitors, n (%) 27  (9.2) - -
Cyclophosphamide, n (%) 7  (2.4) - -
b/tsDMRMDs, n (%) 22  (7.5) - -
Belimumab, n (%) 10  (3.4) - -
Rituximab, n (%) 3  (1.0) - -
JAK inhibitor, n (%) 8  (2.7) - -
anti-TNF, n (%) 2  (0.7) - -

Therapy after infection    
Prednisone, n (%) 28  (9.5) - -
Immunosuppressants, n (%) 14  (4.8) - -
b/tsDMARDs, n (%) 5  (1.7) - -

RMD: rheumatic and musculoskeletal diseases; HC: healthy control; RA: rheumatoid arthritis; SLE: 
systemic erythematosus lupus; pSS: primary Sjogren syndrome; IIM: idiopathic inflammatory myo-
pathy; UCTD: undifferentiated connective tissue disease; b/tsDMARDs: biologic/targeted synthetic 
DMARDs; JAK: Janus Kinase; anti-TNF: tumour necrosis factor inhibitors.
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Results
Patient population
A total of 292 RMD patients and 104 
HC participated in the study, with 
measurements taken on day 60 and 
day 90 (288 RMD patients and 81 HC) 
post-COVID-19 infection. The patient 
demographics for both groups on day 
60 are provided in Table I. Systemic 
lupus erythematosus (SLE, 44.2%), 
rheumatoid arthritis (RA, 22.6%), and 
primary Sjögren’s syndrome (pSS, 
13.4%) were the most commonly rep-
resented RMDs. Other RMDs such as 
ankylosing spondylitis, psoriatic arthri-
tis, and systemic sclerosis were also in-
cluded. The mean duration of disease 
among RMD patients was 5.0 years 
(IQR 3.0–10.0 years). Table I lists the 
specific medications used. Prior to the 
onset of COVID-19, 40–50% of RMD 
patients were on treatments such as 
GC, hydroxychloroquine (HCQ), and 
immunosuppressive drugs (ISDs), 
while 5–10% started these treatments 
after exhibiting COVID-19 symptoms.

Serum anti-S1/S2 IgG 
and NAb levels were decreased 
in RMD patients
On day 60 post-infection, the median 
level of anti-S1/S2 IgG was signifi-
cantly decreased in the RMD group 
[119.1 (IQR 19.7–318.9) AU/mL] as 
compared with those in the HC group 
[345.5 (IQR 257.4–389.6) AU/mL] 
(p<0.0001). The trend persisted on day 
90, as shown in Figure 2A. The level of 
anti-S1/S2 in RMD patients [82.9 (IQR 
11.8–285.3) AU/mL] was lower than 
those in HC [374.9 (IQR 269.4–422.6) 
AU/mL] (p<0.0001) (Fig. 2A). 
A similar pattern emerged for serum 
NAb levels, with RMD patients show-
ing significantly lower levels on both 
days 60 [17.9 (IQR 5.5–413.3) AU/
ml vs. 558.0 (IQR 82.5–887.8) AU/
ml, RMD vs. HC, p<.0001] and days 
90 [14.6 (IQR 2.6–292.5) AU/ml vs. 
545.0 (IQR 95.3–891.0) AU/ml, RMD 
vs. HC, p<0.0001] (Fig. 2B). Addition-
ally, the seropositivity rates for both 
anti-S1/S2 IgG and NAb were remark-
ably lower in the RMD patients (Sup-
plementary Table S1).
We further investigated changes in anti-
S1/S2 IgG and NAb levels between days 

60 and 90 in both HC and RMD groups. 
No significant fluctuation in anti-S1/
S2 IgG levels was noted both in HC 
and RMD, However, NAb levels in the 

RMD group significantly declined on 
day 90 compared to day 60 (p<0.001), 
but there were no significant changes in 
the HC group (p>0.05) (Fig. 2C-D).

Fig. 2. Antibody response to COVID-19 infection in RMD patients and HC on day 60 and day 90.   
A: The titres of anti-S1/S2 IgG in all RMD patients and HC on day 60 (RMD: n=292; HC: n=104) and 
day 90 (RMD: n=288; HC: n=81). 
B: The titres of NAb in all RMD patients and HC on day 60 (RMD: n=292; HC: n=104) and day 90 
(RMD: n=288; HC: n=81). 
C: The levels of anti-S1/S2 IgG on day 60 compared with day 90 in HC and RMD groups. 
D: The difference of NAb titres between day 60 and day 90 in both HC and RMD groups. 
ns: not signifcant; *p<0.05, ***p<0.001, ****p<0.0001.

Fig. 3. The impact of RMD subtype on anti-S1/S2 IgG or NAb production. 
A: The titres of anti-S1/S2 IgG in different subtypes of RMD patients compared with HC on day 60. 
B: The titres of NAb in different subtypes of RMD patients compared with HC on day 60. 
*p<0.05, **p<0.01, ****p<0.0001.
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The impact of RMD subtypes on 
anti-S1/S2 IgG or NAb production
We next explored how different RMD 
subtypes influenced antibody produc-

tion on day 60 following COVID-19 
infection. Almost all RMD subgroups, 
except for vasculitis, exhibited signifi-
cantly reduced levels of both anti-S1/

S2 IgG and NAb when compared to 
the HC group (Fig. 3; Suppl. Table S2). 
Among these RMD subtypes, SLE pa-
tients had the lowest anti-S1/S2 IgG 
levels; however, these levels were not 
statistically different from other RMD 
subtypes. Conversely, NAb titres were 
significantly lower in SLE patients 
compared to other subtypes such as 
RA, pSS, UCTD (p<0.05).

The impact of anti-rheumatic 
medication on anti-S1/S2 IgG 
and NAb levels in RMD patients
In a subsequent analysis, we examined 
the effect of medications on antibody 
production among RMD patients. We 
categorised RMD patients into three 
groups based on medication history: 
non-users, those who initiated medi-
cations before contracting COVID-19, 
and those who started medications post-
infection. Our data showed that RMD 
patients who had been treated with GC, 
ISDs, or b/tsDMARDs before COV-
ID-19 infection had significantly lower 
levels of anti-S1/S2 IgG and NAb on 
day 60 compared to those who had not 
used these medications or started post-
infection (p<0.001) (Fig. 4A-B; Suppl. 
Table S3). Similar results were found in 
the analysis of antibody production on 
day 90 (data not shown).
To further investigate the role of GC 
dosage on antibody levels, we collected 
data on GC usage among RMD patients 
in the three months prior to their COV-
ID-19 infection. Patients were divided 
into three categories based on their av-
erage daily dosage: non-users, those us-
ing less than 10 mg/d, and those using 
10mg/d or more. Our findings indicated 
that patients in both the lower (<10mg/d) 
and higher dosage (≥10mg/d) groups 
had significantly lower anti-S1/S2 IgG 
and NAb levels compared to non-users 
(p<0.001). However, there was no sig-
nificant difference in antibody levels 
between the two GC dosage groups 
(p>0.05) (Fig. 4C; Suppl. Table S3). 

Risk factors were associated 
with lower anti-S1/S2 IgG 
or NAb levels in RMD patients 
To pinpoint factors that predict lower 
levels of anti-S1/S2 IgG and NAb lev-
els in RMD patients post-COVID-19, 

Fig. 4. Comparison of anti-S1/S2 IgG or NAb titres among RMD patients with different therapy. 
A: The titres of anti-S1/S2 IgG in RMD patients with different therapy. 
B: The level of NAb in RMD patients with different therapy. 
C: Comparison of anti-S1/S2 IgG or NAb titres among RMD patients with different dosage of the GC 
groups. ns: not significant. 
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001
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we conducted a multivariate regres-
sion analysis. The analysis identified 
that the types of RMD, as well as the 
pre-infection use of GC and ISDs, 
were inversely correlated with anti-S1/
S2 IgG levels (p<0.05) (Suppl. Table 
S4). However, for NAb levels, only the 
pre-infection use of GC and ISDs dem-

onstrated a significant impact (p<0.05) 
(Suppl. Table S4).
In a subsequent step, we treated anti-
S1/S2 IgG and NAb levels as depend-
ent variables and examined various in-
dependent variables such as age, gen-
der, disease types, and medication his-
tory. Our findings revealed that MMF, 

CNIs, and MTX were significantly 
correlated with anti-S1/S2 IgG levels, 
while GC, CNIs, and MTX exhibited 
a strong correlation with NAb levels 
(p<0.05) (Table II).
Finally, employing logistic regression, 
we further analysed factors that might 
be related to seropositivity. Notably, 
the pre-infection use of GC, CNIs, and 
belimumab stood out as significant risk 
factors for reduced anti-S1/S2 IgG lev-
els (p<0.05; Fig. 4A). For NAb levels 
post-COVID-19, the pre-infection use 
of GC, MMF, CNIs, and JAK inhibi-
tors were identified as substantial risk 
factors (p<0.05; Fig. 4B).

Discussion
Previously published studies primar-
ily examined the changes in antibody 
production in RMD following SARS-
CoV-2 vaccination (16-19). Differing 
from these, our 90-day longitudinal 
study analysed the dynamics of SARS-
CoV-2 IgG antibodies and NAb re-
sponses post COVID-19 infection. We 
observed that RMD patients had signifi-
cantly reduced levels of anti-S1/S2 IgG 
and NAb on both 60 and 90 days post-
infection compared to healthy individu-
als. Notably, the NAb levels diminished 
more rapidly than the SARS-CoV-2 
IgG antibodies. We identified multiple 
risk factors responsible for this decline. 
Particularly, prior use of GC, ISDs, and 
b/tsDMARDs emerged as significant 
contributors, regardless of the specific 
RMD types. Our findings emphasise the 
importance of preventing COVID-19 
infection in RMD patients, and might 
have implications for longevity of im-
munity post COVID-19 infection. 
In line with prior studies on antibody 
production in RMD post SARS-CoV-2 
vaccination (16-19), our research in-
dicated that using GC, ISDs, or b/tsD-
MARDs before infection impacted the 
humoral immune response in RMD pa-
tients. We first concentrated on the im-
pact of GC on antibody production. Ap-
proximately 20% of our RMD patients 
had received ≥10mg/d GC doses before 
contracting COVID-19. Interestingly, 
even dosages <10mg/d were associated 
with significantly reduced specific IgG 
antibodies and NAb against COVID-19 
in RMD patients. The effect of the du-

Table II. Multivariate analysis of the titres of anti-S1/S2 IgG or NAb.

  Regression Standard t-statistics p-value 95% CI
  coefficient error 

anti-S1/S2 IgG titre (AU/mL) MMF -74.24 27.93 -2.66 0.008 -129.23, -19.25
 CNIs -98.28 31.72 -0.18 0.002 -160.73, -35.83
 MTX -94.59 29.63 -0.19 0.002 -152.91, -26.28

NAb titre (AU/mL) GC -109.48 51.60 -2.12 0.035 -211.06, -  7.89
 CNIs -163.15 73.60 -2.22 0.027 -308.05, -18.25
 MTX -178.54 68.704 -2.60 0.10 -313.80, -43.29

Fig. 5. Logistic regression analysis of the seropositivity of anti-S1/S2 IgG and NAb in RMD patients. 
A: The analysis of the seropositivity of anti-S1/S2 IgG.
B: The analysis of the seropositivity of NAb. 
*Model did not converge due to few outcomes.
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ration of GC therapy on antibodies was 
not explored in the present study. Given 
123/129 of these patients were treated 
GC more than 3 months, it is evident 
that the duration of GC administration 
is a critical risk factor.
Beyond GC, our results identified vari-
ous ISDs or b/tsDMARDs (including 
MTX, MMF, CNIs, belimumab, JAK 
inhibitors) as risk factors for dimin-
ished post-infection antibody levels. 
This is in line with earlier evidence 
indicating that certain anti-rheumatic 
medications influence antibody produc-
tion post SARS-CoV-2 vaccination in 
RMD patients. For instance, studies by 
Haberman’s group revealed that both 
MTX and GC negatively impact the 
immune response to COVID-19 mRNA 
vaccines in patients with inflammatory 
diseases (20). Similarly, medications 
like MMF, rituximab, TNF inhibitors, 
and abatacept have reported adverse 
impacts on the SARS-CoV-2 antibody 
response (17-19, 21-23). Drugs such 
as glucocorticoids, immunosuppres-
sants or b/tsDMARDs can inhibit the 
immune system through a variety of 
mechanisms. They can inhibit the pro-
duction of inflammatory mediators, re-
duce the activity of antigen presenting 
cells, reduce the proliferation and acti-
vation of T cells, and interfere with the 
process of B cells producing specific 
antibodies. These may lead to the weak-
ening or delay of antibody response to 
novel coronavirus infection. It has been 
shown that immunosuppressants were 
associated with reduced T-cell immu-
nity against spike protein, suggesting 
that these treatments could impair hu-
moral and cell-mediated response to 
COVID-19 vaccination (24). When the 
COVID-19 pandemic began, HCQ gar-
nered substantial attention as a poten-
tial SARS-CoV-2 treatment. However, 
large-scale randomised trials found 
HCQ lacking in significant benefits for 
treating or preventing COVID-19 (25). 
Our data showed the use of HCQ had 
no significant effect on post-infection 
antibody production. Our data indicate 
no noticeable impact of HCQ on post-
infection antibody production, support-
ed by earlier findings (20-23, 26, 27). 
When examining the dynamics of 
SARS-CoV-2 IgG and NAb post-in-

fection in RMD patients, we observed 
a pronounced reduction in neutralising 
antibodies on day 90 compared to day 
60, while anti-S1/S2 IgG levels showed 
no significant changes. Previous re-
search also indicated a drop in IgG se-
ropositivity by roughly 20% six months 
post-vaccination, with NAb seroposi-
tivity declining by 40% in both HC and 
RMD patients (14). It is possible that 
immunosuppressive medications can 
modify immune responses, particularly 
affecting neutralising antibody produc-
tion or maintenance. Interestingly, some 
studies suggest that immunosuppressed 
individuals might experience extended 
SARS-CoV-2 shedding, facilitating vi-
ral mutation (28). Such evolving viral 
scenarios could potentially influence 
NAb dynamics. These NAb are essen-
tial in preventing viral entry into cells. 
One study estimated based on a pre-
dictive model that about 20% of NAb 
levels during recovery could provide 
50% protection against symptomatic 
infection, and 3% of NAb levels could 
provide 50% protection against severe 
illness (29). Our data highlight the im-
portance of continuous monitoring for 
shifts in neutralising antibodies in RMD 
patients after contracting COVID-19.
Our study also has some limitations. 
Firstly, our findings are derived exclu-
sively from observational data, which 
implies that a direct cause-and-effect 
relationship cannot be conclusively de-
termined. As such, while there is an ob-
served correlation between drug use and 
reduced antibody levels, there could be 
other factors at play that we have not 
considered. Secondly, due to the limited 
sample size, we could not thorough-
ly analyse the relationship between 
various drugs and antibody responses 
across different autoimmune diseases. 
Thirdly, we did not collect and further 
analyse the severity of COVID-19 in-
fection in these patients, because mild 
versus severe cases might differ in their 
antibody responses. Fourthly, data on 
antibody levels on day 30 post-infection 
were lacking and a longer follow-up pe-
riod of antibody monitoring is required. 
Lastly, the antibody levels were not 
compared with the cellular and humoral 
immune responses, and serum cytokine 
levels at different time points.

In summary, our study results reveal a 
significant reduction in SARS-CoV-2 
IgG antibodies and NAb levels post-
COVID-19 infection in RMD patients. 
We also observed distinct variations in 
NAb dynamics among RMD patients 
with COVID-19. However, whether the 
RMD patients with reduced antibody ti-
tres will have a significantly higher risk 
of reinfection of COVID-19 remains 
to be explained by further research. 
Therefore, a large cohort and longitudi-
nal studies are needed to understand the 
correlation between dynamic antibody 
level changes and long-term immunity 
in RMD patients.
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