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Abstract
Objective To assess antibody response to inactivated COVID-19 vaccine in patients with immune-mediated diseases (IMD) 
among hospital workers and people aged 65 and older.
Methods In this cross-sectional study, we studied 82 hospital workers with IMD (mean age: 42.2 ± 10.0 years) and 300 
(mean age: 41.7 ± 9.9 years) controls. Among + 65 aged population, we studied 22 (mean age: 71.4 ± 4.5 years) patients 
and 47 controls (mean age: 70.9 ± 4.8 years). All study subjects had a negative history for COVID-19. Sera were obtained 
after at least 21 days following the second vaccination. Anti-spike IgG antibody titers were measured quantitatively using a 
commercially available immunoassay method. 
Results Patients with IMD were significantly less likely to have detectable antibodies than healthy controls both among the 
hospital workers (92.7% vs 99.7%, p < 0.001) and elderly population (77.3% vs 97.9%, p = 0.011). Among patients with IMD, 
those using immunosuppressive or immune-modulating drugs (64/75, 85.3%) were significantly less likely to have detectable 
antibodies compared to those off treatment (29/29, 100%) (p = 0.029). Additionally, a negative association between age and 
the antibody titer categories among patients (r = − 0.352; p < 0.001) and controls (r = − 0.258; p < 0.001) were demonstrated. 
Conclusions Among hospital workers, the vast majority of patients with IMD and immunocompetent controls developed a 
significant humoral response following the administration of the second dose of inactivated COVID-19 vaccine. This was 
also true for the elderly population, albeit with lower antibody titers. Immunosuppressive use, particularly rituximab sig-
nificantly reduced antibody titers. Antibody titers were significantly lower among those aged ≥ 60 years both in patient and 
control populations. Whether these individuals should get a booster dose warrants further studies.
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Introduction

The COVID-19 pandemic has been globally responsible 
for 169,118,995 confirmed cases and 3,398,302 deaths as 
of 30 May 2021 [1]. Multiple potential vaccines against 
COVID-19 have been developed at an unprecedented speed 
and as of December 2020, mass vaccination programs were 

started worldwide. As a result, within 6 months a total of 
1,546,316,352 vaccine doses have been administered [1].

As of January 13, 2021, Turkey granted emergency use 
authorization to ‘CoronaVac’ produced by Chinese biophar-
maceutical company Sinovac [2–4]. CoronaVac is a chemi-
cally inactivated vaccine developed against SARS-CoV-2 [5, 
6]. As the phase III trial of CoronaVac was still ongoing the 
authorization was based on the published results on phase 
I and II trials [5, 6] and unpublished results on “interim 
analyses” [7]. When the current study took place Turkey had 
made agreement with only Sinovac and CoronaVac was the 
only vaccine available in the country [2–4].
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Current guidelines [8] recommend vaccinating patients 
with autoimmune and inflammatory rheumatic diseases 
(AIIRD) whether or not they are using immuno-modula-
tory agents based on their risk for COVID-19 and these 
patients are now prioritized for vaccination in many coun-
tries [9–11]. Since registration trials of vaccines against 
SARS-CoV-2 did not include patients with AIIRD [12, 
13] and current evidence from pre COVID-19 era litera-
ture is scarce, there are many unknown questions at this 
time. Major concern is the uncertainty about whether these 
patients can mount a protective immune response to vac-
cine either because of their inherent immunocompromised 
status or because of the effect of commonly used biologi-
cal and non-biological disease modifying anti-rheumatic 
drugs (DMARDs) [14, 15]. The same concerns are also 
true for the elderly population who are at increased risk 
for severe COVID-19 [16] and usually excluded from the 
vaccine trials.

We, therefore, in this study evaluated the humoral 
immune response of patients with immune-mediated dis-
eases (IMD) to inactivated COVID-19 vaccine compared to 
immunocompetent controls. Healthcare workers of a single 
university hospital and elderly population who were prior-
itized for vaccination during the first months of the vacci-
nation campaign in Istanbul, Turkey constituted our study 
population.

Patients and methods

Vaccination program in Turkey

On January 14, 2021, a mass vaccination campaign started 
first with healthcare workers and then continued with the 
elderly after January 28 (Fig. 1). Vaccine inoculation was 
done with two shots of CoronaVac 4 weeks apart.

Vaccination roll-out started 
with hospital workers and 

elderly

Hospital workers (aged <65 
years) who volunteered for the 

study
n=1000 

Eligible patients 
with immune-

mediated diseases  
n=98

Blood collection: patients 
who consented for the study

n= 82

Eligible controls
n= 300

Blood collection: controls 
who consented for the 

study
n= 300

Elderly population (aged 
≥65) who volunteered for 

the study
n=225

Eligible patients 
with immune 

mediated diseases
n=25

Blood collection: patients 
who consented for the 

study 
n= 22

Eligible controls
n=75

Blood collection: controls who 
consented for the study 

n=47

Hospital workers started at 14.01.2021

People aged 70+ started at 28.01.2021  
People aged 65+ started at 11.02.2021 

Fig. 1  Study enrollment
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Study population

This cross-sectional study was conducted at Cerrahpasa 
Medical Faculty of Istanbul University-Cerrahpasa during 
the first months of the vaccination roll-out, between Janu-
ary 14 and May 2, 2021. Hospital workers (aged between 
21 and 64) and elderly people (aged between 65 and 90) 
who attended the COVID-19 vaccine center for their sched-
uled vaccine appointment constituted the source of our 
study population. Those who volunteered to participate in 
the study fulfilled a standardized survey (electronic supple-
ment material) that assessed demographic and health-related 
characteristics. The survey form was distributed to eligible 
participants at the day of the first dose of vaccination. The 
survey included questions about basic demographic infor-
mation, body and height measures, smoking status, current 
medications, previous COVID-19 diagnosis, and history of 
rheumatic diseases, inflammatory disease, malignancy (solid 
organ or hematologic), transplantation, or immune-suppres-
sive use. Comorbid diseases were identified according to 
Charlson index list [17]. Those who had contracted COVID-
19 verified with positive PCR test or those who were consid-
ered symptomatic for COVID-19 infection but had negative 
PCR test were not included in the study. Moreover, only 
those who got two shots of CoronaVac were studied.

Figure 1 shows the flowchart of the enrollment of patients 
and controls. Patients with IMD were defined as all those 
who had a history of inflammatory disease including rheu-
matic diseases, psoriasis, inflammatory bowel diseases and 
multiple sclerosis currently under medical treatment or off 
treatment or any condition that requires chronic immuno-
suppressive use. These patients with IMD were later inter-
viewed with telephone to collect information about disease 
duration and current and previous treatments. Immunosup-
pressive use during the vaccination period and the last three 
months before the vaccination was specifically sought.

Thus, we identified 98 patients with IMD among the hos-
pital workers population and 25 patients with IMD among 
the elderly population. We assigned two separate age and 
gender matched control groups for the two patient groups 
with an allocation ratio of 1:3 to study age effect better in 
a large control population. Therefore, as control groups, 
we planned to study 300 and 75 individuals with no IMD 
selected consecutively among the eligible candidates of 
the hospital workers and elderly populations, respectively. 
Patients and controls were invited for blood collection 
3 weeks after their second dose of vaccination. A total of 
104 patients (82 hospital workers and 22 elderly) and 347 

controls (300 hospital workers and 47 elderly) accepted our 
invitation. It has to be noted that most of the elderly who 
refused our invitation expressed their concerns about coming 
to the hospital because of the ongoing pandemic. All blood 
samples were collected between March 9 and May 2, 2021.

Description of disease subgroups and treatment 
regimens

We preferred to label the patient population as patients 
with IMD although all rheumatic or inflammatory dis-
eases included here are not immune mediated. To study the 
effect of different disease subgroups and immunosuppres-
sive agents we combined all 104 patients with IMD (hos-
pital workers and elderly) and categorized into subgroups. 
We defined disease subsets as rheumatoid arthritis (RA) 
(n = 19); connective tissue diseases (CTD) (n = 17), spon-
dylarthropathies (SPA)/inflammatory bowel diseases (IBD) 
(n = 29), Behcet’s syndrome (BS) (n = 16), familial Mediter-
ranean fever (FMF) (n = 10), multiple sclerosis (MS) (n = 5) 
and vasculitis (n = 7). One kidney transplant recipient was 
excluded from these analyses.

We categorized treatment regimens as rituximab (RTX)-
based treatment (n = 7), non-RTX biological agents-based 
treatment (n = 25), conventional DMARDs-based treatment 
(n = 27), colchicine (n = 13) and other immune-modulating 
drugs (such as fingolimod: n = 1 and dimethyl fumarate: 
n = 2) and no treatment (n = 29).

Antibody testing

All sera samples were aliquoted after centrifugation of 
peripheral blood tubes at 800 × g for 12 min and sera sam-
ples were kept in – 20 ℃ until the study day. Minimum 
100 μL of serum was required for analysis. For detection of 
antibodies against receptor binding domain of the S1 spike 
protein (anti-spike SARS-CoV-2 IgG) we used the commer-
cially available  Elecsys® Anti-SARS-CoV-2 assay (Roche 
Diagnostics International Ltd, Rotkreuz, Switzerland) [18]. 
Quantitative results were determined using in vitro immuno-
assay. A cut-off value of ≥ 0.8 U/mL was accepted as posi-
tive according to the manufacturer’s instructions [18]. The 
upper limit of detection by the assay was 250 U/mL.

Statistical methods

Numeric results were expressed as mean ± standard devia-
tion or median (minimum–maximum), and categorical 
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results were expressed as n (%). Categorical variables were 
compared using Pearson, Yates or Fisher chi-square test and 
continuous variables with Student’s t test or Mann–Whitney 
U test. Spearmen correlation test was used to investigate 
association between antibody titer and age. We calculated 
age adjusted Charlson comorbidity index as reported [17]. 
We analyzed antibody titers categorically. In the current 
study, among 300 controls (< 65 years of age), 109 (36.3%) 
had antibody titers > 250 U/mL, 88 (29.3%) had between 
250 and 117 U/mL and 103 (34.3%) < 117 U/mL. Therefore, 
we identified high, medium and low titers as upper 35th 
(> 250 U/mL), middle 30th (between 250 and 117 U/mL) 
and lower 35th percentile (< 117 U/mL). The effect of age 
(≥ 60 years), gender, body mass index, smoking and hav-
ing IMD on positive antibody test was investigated using 
multivariate logistic regression analysis. A p value of less 
than 0.05 was accepted as statistical significance. IBM SPSS 

Statistics for Windows, v.20.0 (IBM Corp., Armonk, NY, 
USA) was used in the statistical analysis.

Results

Among hospital workers, we studied 82 (29 M/ 53 F; mean 
age: 42.2 ± 10.0 years) patients with IMD and 300 (107 M/ 
193 F; mean age: 41.7 ± 9.9 years) controls (Table 1 and 2). 
Among + 65 aged population, on the other hand, we studied 
22 (6 M/ 16 F; mean age: 71.4 ± 4.5 years) patients with IMD 
and 47 controls (23 M/ 24 F; mean age: 70.9 ± 4.8 years).

Clinical characteristics and immunosuppressive 
treatment of the patients with IMD

Patients with IMD had various diagnoses with the majority 
being rheumatic diseases as shown in Table 1. Apart from 

Table 1  Demographic and 
clinical characteristics of the 
patients with immune-mediated 
diseases

a Hospital workers (systemic lupus erythematosus: n = 8, Sjögren syndrome: n = 4); elderly (systemic lupus 
erythematosus: n = 1, Sjögren syndrome: n = 3, polymyositis: n = 1)
b Hospital workers (ankylosing spondylitis: n = 16, psoriasis or psoriatic arthritis: n = 7); elderly (ankylosing 
spondylitis: n = 1)
c Hospital workers (multiple sclerosis: n = 5, kidney transplant recipient: n = 1)
d Hospital workers (anti-TNF agents: n = 14, secukinumab: n = 3, rituximab: n = 4, interferon-alpha: n = 1, 
anakinra: n = 1); elderly (anti-TNF agents: n = 3, rituximab: n = 3, tocilizumab: n = 2, interferon-alpha: 
n = 1)
e Hospital workers (methotrexate: n = 8, azathioprine: n = 6, leflunomide: n = 1, sulfasalazine: n = 3, 
mycophenolic acid: n = 2, tacrolimus: n = 1); elderly (methotrexate: n = 3, azathioprine: n = 2, leflunomide: 
n = 1)

Hospital workers, n = 82 Elderly 
population, 
n = 22

M/F, n 29/53 6/16
Mean age, SD years 42.2 ± 10.0 71.4 ± 4.5
Disease duration, median [IQR] years 8.0 [4.8–15.0] 9 [2.5–17.8]
Diagnosis, n (%)
 Rheumatoid arthritis 11 (13.4) 8 (36.4)
 Connective tissue  diseasesa 12 (14.6) 5 (22.7)
  Spondylarthropathiesb 23 (28.0) 1 (4.5)
 Behçet’s syndrome 14 (17.1) 2 (9.1)
 Familial Mediterranean fever 9 (11.0) 1 (4.5)
 Vasculitis 4 (4.9) 3 (13.7)
 Inflammatory bowel diseases 3 (3.7) 2 (9.1)
  Otherc 6 (7.3) 0

Medical treatment, n (%)
 Off treatment for at least 3 months 27 (32.9) 2 (9.1)
 Currently under medical treatment 55 (67.1) 20 (90.9)
  Prednisolone 7 (12.1) 10 (50.0)
  Biological  agentsd 23 (39.7) 9 (45.0)
  Conventional  DMARDse 21 (36.2) 6 (30.0)
  Colchicine 15 (25.9) 1 (5.0)
  Hydroxychloroquine 7 (12.1) 5 (25.0)
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rheumatic diseases, patients have psoriasis (n = 3), inflam-
matory bowel diseases (n = 5), and multiple sclerosis (n = 5). 
There was one kidney transplant recipient included in the 
study because of his using immunosuppressive drugs. At 
the time of vaccination and for at least 3 months before vac-
cination, 32.9% and 9.1% of the patients among the hos-
pital workers and elderly, respectively, were not using any 
immunosuppressive, corticosteroids or colchicine. Biologi-
cal disease modifying anti-rheumatic drugs (DMARD’s) 
and conventional DMARD’s were the most commonly used 
drugs by the two patient groups (Table 1).

Antibody results

a) Study groups
  Mean time interval after the second dose of vacci-

nation to blood collection was 30.7 ± 9.0 days for the 
whole study population (patients: 27.3 ± 7.6; min–max: 
19–68; controls: 31.7 ± 9.1; min–max: 19–57).

  Patients with IMD and their respective controls were 
similar with regards to age, gender and body mass index 
(Table 2). Age adjusted Charlson comorbidity index was 
significantly higher among patients with IMD compared 
to controls in both hospital workers and elderly popula-
tion (Table 2).

  Among hospital workers, patients with IMD were 
less likely to have detectable antibodies than controls 
(92.7% vs 99.7%, p < 0.001) (Table 2). This was also 

true for those patients with IMD in the elderly popula-
tion (77.3% vs 97.9%, p = 0.011) (Table 2). While cat-
egorical antibody titers did not differ between patients 
and controls among hospital workers; elderly patients 
had significantly lower levels compared to elderly con-
trols (p = 0.045) as shown in Table 2 and Fig. 2.

b) Patients with IMD (hospital workers and elderly 
population combined)

  The frequency of those with detectable antibody 
did not differ between different subgroups (RA: 15/19, 
78.9%; CTD: 14/17, 82.4%; SPA/IBD: 28/29, 96.6%; 
BS: 15/16, 93.8%; FMF: 10/10, 100%; MS: 5/5, 100% 
and vasculitis: 5/7, 71.4%; p = 0.170). On the other hand, 
categorized antibody titers showed significant differ-
ence across disease subgroups (p = 0.037), as shown in 
Fig. 3A. While patients with vasculitis and CTD had 
the lowest titers, patients with FMF, BS and MS had the 
highest titers (Fig. 3A).

  Analysis between different treatment regimen sub-
groups showed significant differences with regard to 
positivity (p < 0.001) and categorized antibody titers 
(p < 0.001) (Table 3). Those who were receiving ritux-
imab-based treatment (1/7, 14.3%), were significantly 
less likely to have detectable antibodies compared to 
those who were using non-RTX biological agents-based 
treatment (22/25, 88%), conventional DMARDs-based 
treatment (25/27, 92.6%), colchicine and MS drugs 
(16/16, 100%) or no treatment (29/29, 100%) (p < 0.001). 

Table 2  Demographic characteristics, comorbidity and antibody titers in patient and control groups among hospital workers and elderly popula-
tion

IMD immune-mediated diseases; BMI body mass index; min minimum; max maximum

Hospital workers Elderly population

Patients with IMD
(n = 82)

Controls
(n = 300)

p Patients with IMD
(n = 22)

Controls
(n = 47)

p

Age, mean ± SD, year 42.2 ± 10.0
(min:22, max:64)

41.7 ± 9.9
(min:21, max:62)

0.681 71.4 ± 4.5
(min:65, max:81)

70.9 ± 4.8
(min:65, max:82)

0.675

Gender, female, n (%) 53 (64.6) 193 (64.3) 0.960 16 (72.7) 24 (51.1) 0.089
BMI, mean ± SD 25.98 ± 4.44 25.06 ± 3.81 0.065 28.64 ± 6.08 28.25 ± 4.60 0.776
Smoking (current and past), n (%) 51 (62.2) 136 (45.3) 0.004 13 (59.1) 26 (55.3) 0.800
Charlson comorbidity index, 

median (min–max)
1 (0–3) 0 (0–2)  < 0.001 5 (2–10) 3 (2–8) 0.001

Detectable antibody, n (%) 76 (92.7) 299 (99.7)  < 0.001 17 (77.3) 46 (97.9) 0.011
Antibody titers 0.443 0.045
High (> 250 U/mL) 28 (34.1) 109 (36.3) 2 (9.1) 7 (14.9)
Medium (117 ≤ and ≤ 250 U/mL) 21 (25.6) 88 (29.3) 0 9 (19.1)
Low (< 117 U/mL) 33 (40.2) 103 (34.3) 20 (90.9) 31 (66.0)
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Categorized antibody titers are shown in Table 3 and 
Fig. 3B. It is apparent that those who are using either 
biological agents (particularly RTX) or conventional 
DMARDs had significantly reduced antibody titers 
compared to those who are not using any immunosup-
pressive treatment (Table 3 and Fig. 3B). On the other 
hand, colchicine and immune-modulating drugs used in 
MS seemed to not affect antibody titers.

c) Age effect on categorized antibody titers
  Additionally, we found a negative association between 

age and categorized antibody titers among patients with 
IMD (r = − 0.352; p < 0.001) as well as among the con-
trols (r = − 0.258; p < 0.001). As shown in Fig. 4, both in 
patients (Fig. 4A) and controls (Fig. 4B), antibody titers 
started to decrease after third decade of life and dropped 
significantly after the sixth (p < 0.001 for both patients 
and controls).

d) Multivariate logistic regression analysis
  The effect of age (≥ 60 years), gender, body mass 

index, smoking and having IMD were investigated using 
multivariate logistic regression analysis in the whole 
study cohort. Being diagnosed as IMD [OR 17.31; 95% 
CI (3.57–85.95), p < 0.001] and being 60 years or more 
[OR 4.32; 95% CI (1.20–15.50), p = 0.025] were found 
to be independently associated with having negative 
antibody result.

Discussion

In this study of the antibody response to two doses of inac-
tivated SARS-CoV-2 vaccine among patients with IMD and 
a large cohort of controls, the majority had detectable anti-
spike antibody responses. This was also true for the elderly. 
However, those who were using immunosuppressives (either 
biological or conventional DMARD’s) were found to have 
significantly lower levels of antibody titers than those who 
were off treatment. Additionally, the study revealed a signifi-
cant negative association between age and antibody titers in 
both patient and control populations. Finally, having IMD 
and being older (≥ 60 years) were found to be independently 
associated with a negative antibody response in the whole 
study population.

Antibody response to vaccine against SARS-CoV-2 in 
patients with IMD or patients on immunosuppression has 
been investigated in a few studies recently [19–24] and 
notably in all, mRNA vaccine was studied. To our knowl-
edge, ours is the first with chemically inactivated vaccine 
(CoronaVac). The results of the current study are important 
in that, we were able to investigate patients with IMD and 
elderly two different populations primarily at risk for severe 
COVID-19 and usually omitted from the vaccine trials [12, 
13, 16].

Our study revealed that patients with vasculitis and CTD 
had significantly lower levels of antibody titers compared 
to those with RA, SPA/IBH, BS, FMF and MS. Those who 

Fig. 2  Distribution of catego-
rized antibody titers in the study 
groups
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90.9
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Fig. 3  Categorized antibody titers between disease subgroups (A) and 
different treatment regimens (B). RA rheumatoid arthritis, CTD con-
nective tissue disease, SPA spondyloarthropathies, IBD inflammatory 
bowel diseases, BS Behcet’s syndrome, FMF familial Mediterranean 

fever, MS multiple sclerosis. Patient with kidney transplant recipi-
ent was excluded from disease subgroup analysis RTX rituximab, 
DMARD disease modifying anti-rheumatic drug. aOther immune-
modulating drugs such as fingolimod and dimethyl fumarate



1436 Rheumatology International (2021) 41:1429–1440

1 3

were using any immunosuppressive drug (either conven-
tional or biological) were significantly less likely to develop 
high antibody titers compared to those who were not. This 
effect was more pronounced among those receiving RTX-
based regimens of whom only one in seven patients devel-
oped positive antibody response. Colchicine and immune-
modulating drugs used in MS on the other hand did not seem 
to have a negative impact on the antibody response.

Our results are in line with the recent literature [19–24]. 
Reduced antibody titers and negative effect of DMARDs 
among patients with IMD were reported in the majority of 
the studies investigating mRNA vaccine response. It appears 
that, almost all DMARDs including Janus kinase inhibitors 
and methotrexate blunt humoral responses, while B cell 
depletion and glucocorticoids exert the strongest effect. On 
the other hand, Simon et al. suggested that the delayed and 
reduced antibody response was associated with inherent 
disease itself rather than the concomitant treatment [24]. 
Moreover, it appears that the situation is much worse for 
the solid organ transplant recipients [25–27]. An inadequate 
antibody response to mRNA SARS-CoV-2 vaccination was 
demonstrated in several patient populations [25–27].

Similar observations can be found in other inactivated 
vaccine studies such as those against influenza or hepatitis 
[28–33]. These vaccines could be able to induce signifi-
cant humoral responses in patients with autoimmune dis-
eases. However, the antibody response was observed to be 
blunted in those treated with methotrexate, azathioprine, 
mycophenolate mofetil or with CD20-depleting antibodies.

Immunosenescence, described as the impairment of both 
innate and adaptive immune functions in the elderly is rather 
well known [34–36]. It results in increased susceptibility 
to infectious diseases and a diminished vaccine effective-
ness. Compared to younger individuals, in older people, the 
amount of post-vaccination antibody titers is significantly 
reduced. Moreover, the titers decline more rapidly. Comor-
bidities such as cardiovascular disease, diabetes, and obesity 

could also contribute to the lower humoral response in the 
elderly. It has to be noted that, age adjusted Charlson comor-
bidity index was also significantly higher in the elderly in 
our study.

It has to be reminded that the presence of antibodies does 
not explain whether they ensure protection from COVID-19. 
There is also a need to establish a threshold antibody titer 
for protective immunity.

This study has several limitations. We did not assess 
the neutralizing activity of the vaccinee serum against 
SARS-CoV-2 or determine T cell responses. We could not 
quantitate exact antibody titers of those with upper limit 
(> 250 U/mL) determined by the immunoassay. This led 
us to do categoric analysis of antibody titers, which may 
have resulted loss of data. Sample size of the patients with 
IMD and elderly was small. All patients and controls had 
a negative history for COVID-19, however, we did not test 
anti–SARS-CoV-2 antibodies on the day of the first vaccine 
injection. This is especially important as the great majority 
of the study population was composed of hospital workers. 
Nevertheless, it has to be said that the most of the hospital 
workers have been tested for COVID-19 more frequently 
than the general population throughout the pandemic. 
Finally, we did not assess formally side effects of the vac-
cine nor evaluated exacerbations after vaccination in patients 
with IMD or the elderly.

Conclusions

We found a robust antibody response to inactivated vac-
cine against SARS-CoV-2 among patients with IMD as 
well as immunocompetent controls. This was also true for 
the elderly. However, those who were using immunosup-
pressive treatment (particularly rituximab) and elderly had 
reduced antibody titers. Caution, close surveillance and 
perhaps earlier revaccination could be recommended for 

Table 3  Detectable antibody test and categorized antibody titers among patients with immune-mediated diseases (hospital workers and elderly 
combined)

RTX rituximab, DMARD disease modifying anti-rheumatic drug
a Other immune-modulating drugs such as fingolimod and dimethyl fumarate

RTX based regimen
n = 7

Non-RTX biological 
agents-based regimen
n = 25

Conventional 
DMARDs-based 
regimen
n = 27

Colchicine or 
other  drugsa

n = 16

No treatment
n = 29

p

Detectable antibody, n (%) 1 (14.3) 22 (88.0) 25 (92.6) 16 (100.0) 29 (100.0)  < 0.001
Categorized antibody titers  < 0.001
High (> 250 U/mL) 0 7 (28.0) 5 (18.5) 4 (25.0) 15 (51.7)
Medium (117 ≤ and ≤ 250 U/mL) 0 2 (8.0) 3 (11.1) 9 (56.2) 7 (24.1)
Low (< 117 U/mL) 7 (100.0) 16 (64.0) 19 (70.4) 3 (18.8) 7 (24.1)
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those using immunosuppressives and the elderly. Further 
studies should assess whether the low antibody titers are 
associated with diminished protection against COVID-19.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00296- 021- 04910-7.
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