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Abstract- The coronavirus disease 2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), has impacted millions worldwide. Patients with autoimmune rheumatic diseases 

(ARDs) may exhibit attenuated responses to vaccination secondary to immunosuppressive therapy, potentially 

resulting in reduced vaccine effectiveness. This study investigates the immunogenicity of COVID-19 vaccines 

in patients with ARDs and evaluates antibody responses and the factors associated with such responses. We 

included 91 patients with rheumatologic diseases receiving immunosuppressive therapy and attending 

rheumatology clinics in Bandar Abbas, Iran. All had received two or three doses of a COVID-19 vaccine 6 

months prior to enrollment. Antibody levels were measured using plaque reduction neutralization tests. We 

also collected information on demographics, clinical status, and current medication use. All statistical analyses 

were performed using SPSS version 21. Females constituted 89% of the participants. The majority had received 

the Sinopharm vaccine. Gender differences were observed, with males showing higher neutralizing antibody 

levels. No significant associations were detected between antibody levels and age, vaccine type, or medication 

use, except for adalimumab and etanercept, which showed a positive association with neutralizing antibodies. 

While most ARD patients demonstrated a detectable response, gender appeared to influence antibody levels, 

with females exhibiting a weaker response. Vaccine type did not influence antibody levels, and medication use 

did not show consistent correlations with antibody responses. These findings are consistent with the literature 

suggesting that vaccine efficacy may be reduced in immunocompromised populations, further supporting 

individualized vaccination strategies. COVID-19 vaccines provide incomplete protection in patients with 

ARDs, and immunosuppressive therapy and gender may affect vaccine efficacy. Personalized vaccination 

schedules, including booster doses, are recommended to improve protection in this population. Further studies 

are needed to refine vaccination strategies for immunocompromised patients, with the aim of reducing the 

burden of severe illness and improving public health. 
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Introduction 
 

The coronavirus disease 2019 (COVID-19) 

pandemic, caused by the severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2) virus, which 

emerged in December 2019, has profoundly impacted 

populations worldwide to date (1). As of April 2024, it 

had infected over 704 million individuals, resulting in 

significant mortality (1). COVID-19 presents with 

diverse clinical manifestations, ranging from mild illness 

to severe, life-threatening complications, particularly in 

individuals with underlying comorbidities (2-5). 

Despite the availability of several COVID-19 

vaccines, the response of patients with autoimmune 

rheumatic diseases (ARDs) to these vaccines remains 

poorly understood (6). This may be attributed to the 

underrepresentation of patients with ARDs in studies 

investigating vaccine immunogenicity and safety (3,7). 

This population presents unique clinical challenges; for 

instance, studies involving organ transplant recipients 

have demonstrated that immunogenicity following 

mRNA-based vaccination is attenuated compared to the 

general population, particularly among patients treated 

with glucocorticoids and antimetabolites, such as 

mycophenolate (8). Furthermore, patients with ARDs are 

typically managed with immunomodulatory agents, 

including methotrexate (MTX), conventional synthetic 

disease-modifying antirheumatic drugs (csDMARDs), 

tumor necrosis factor inhibitors (TNFi), rituximab, 

interleukin-6 inhibitors (IL-6i), and Janus kinase 

inhibitors (JAKi) (8). Evidence suggests that the use of 

these agents may adversely impact the immunogenicity 

of COVID-19 vaccines (9,10). 

Despite numerous inquiries, limited data regarding 

vaccine immunogenicity in patients with ARDs have 

been published. Existing literature lacks standardized 

protocols, complicating the derivation of generalized 

conclusions, even through meta-analyses. Therefore, it is 

imperative to conduct studies aimed at investigating the 

immunogenicity of COVID-19 vaccines in 

rheumatological patients and exploring the factors that 

influence this response. This study aims to address 

existing gaps in understanding vaccine effectiveness 

among patients with rheumatologic conditions. 

Ultimately, we seek to inform the refinement of 

vaccination protocols, potentially reducing the severity of 

COVID-19 outcomes and strengthening the resilience of 

healthcare systems. 

 

Materials and Methods 

Population and sampling 

The study population comprised individuals aged 18 

years and older with any rheumatological disease 

attending rheumatology clinics in Bandar Abbas. The 

inclusion and exclusion criteria were rigorously 

established to enhance the specificity and reliability of the 

findings, particularly concerning the immunogenicity of 

COVID-19 vaccines in patients with autoimmune 

rheumatic diseases (ARDs) undergoing 

immunosuppressive or corticosteroid therapy. 

 

Inclusion and exclusion criteria 

Inclusion criteria 

 

 Age ≥18 years. 

 Receipt of two to three doses of a COVID-19 

vaccine. 

 An interval of 2 to 6 months between the last 

dose and sample collection. 

 Documented neutralizing, anti-spike, and anti-

receptor-binding domain (anti-RBD) antibody levels. 

 Non-pregnant and non-lactating females. 

 Absence of malignancy or hepatic failure. 

 No history of alcohol or illicit drug use. 

 

Exclusion criteria 

 Incomplete medical data or required parameters. 

 Patient non-cooperation during data collection. 

 Withdrawal of consent or post-enrollment 

withdrawal from the study. 

 Symptomatic COVID-19 infection within the 

preceding six months. 

 

Study design and sampling 

This cross-sectional study was conducted among 

patients with various rheumatological diseases receiving 

immunosuppressive therapy. The sample included 100 

patients recruited from rheumatology clinics in Bandar 

Abbas. Eligible participants who expressed willingness to 

participate were briefed on the study’s purpose, aims, and 

methodology. Written informed consent was obtained 

from all participants. Participants were selected via 

simple random sampling. 

 

Data collection instruments and procedures 

Demographic information, clinical status, and 

medication history were collected using a questionnaire 

administered by trained interviewers. Following an 

overnight fast of 12-14 hours, a 5-mL blood sample was 

collected from each participant. Samples were 

centrifuged at 3000 rpm for 10 minutes to isolate the 

plasma, which was subsequently stored at -80° C for 
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analysis. Antibody levels, including neutralizing, anti-

spike, and anti-RBD antibodies, were quantified using 

plaque reduction neutralization tests (PRNT). 

 

Data analysis 

Data were analyzed using SPSS version 21. 

Descriptive statistics were employed: mean±standard 

deviation (SD) for quantitative variables, and frequencies 

and percentages for qualitative variables. The normality 

of data distribution was assessed using the Kolmogorov-

Smirnov test. Independent sample t-tests and one-way 

ANOVA were utilized to compare variables, including 

age, sex, vaccine type, medication use, and antibody 

levels (neutralizing, anti-spike, and anti-RBD). Statistical 

significance was set at P<0.05. 

This study was conducted in accordance with the 

principles of the Declaration of Helsinki. Ethical approval 

was granted under protocol number 

[IR.HUMS.REC.1401.226]. All participants were fully 

informed regarding the research objectives, procedures, 

potential risks, and benefits. Written informed consent 

was secured from all participants prior to enrollment. 

 

Results 
 

The study included 91 participants with 

rheumatological diseases, comprising 81 females (89%) 

and 10 males (11%). 

Regarding vaccine distribution, 72(79.1%) 

participants had received the Sinopharm vaccine, 

15(17.6%) the Co-Barkat vaccine, and 3(3.3%) the 

AstraZeneca vaccine. 

In terms of medication regimens, 8.8% (n=8) of 

participants utilized only csDMARDs. A total of 35.2% 

(n=32) utilized csDMARDs in combination with 

prednisolone, while 31.9% (n=29) utilized both 

csDMARDs and other immunosuppressive agents. 

Additionally, 6.6% (n=6) used a combination of 

csDMARDs and biologic disease-modifying 

antirheumatic drugs (bDMARDs), and 9.9% utilized 

prednisolone in conjunction with bDMARDs. 

Furthermore. 

 

Relationship between age and levels of neutralizing 

antibodies, anti-spike Ab and anti-RBD Ab 

Based on the results of the test, the comparison of the 

amount of antibodies between the age groups of the study 

did not reach a significant level, which is fully displayed 

in Table 2. 

 

Relationship between sex and levels of neutralizing 

antibodies, anti-spike Ab and anti-RBD Ab 

Regarding the relationship between the amount of 

antibodies between males and females, while it reached a 

significant level in the case of neutralizing antibody 

(P=0.023), in the case of anti-spike Ab (P=0.99) and anti-

RBD Ab (P=0.47) did not reach a significant level, which 

is fully displayed in Table 3. 

 

The relationship between the type of vaccine and the 

levels of neutralizing antibodies, anti-spike Ab and 

anti-RBD Ab 

In examining the relationship between the type of 

injected vaccine and the levels of neutralizing antibodies, 

anti-spike Ab and anti-RBD Ab, there was no significant 

difference in the amount of antibodies between people 

who received different vaccines. The data related to 

antibodies and injectable vaccine were fully displayed in 

Table 4. 

 

The relationship between the type of drugs consumed 

and the levels of neutralizing antibodies, anti-spike Ab 

and anti-RBD Ab 

Based on the test results, no significant correlation 

was found between the levels of antibodies and the type 

of drugs used. The data related to the antibodies and drugs 

used are fully displayed in Table 5. 

 

The relationship between the dose of drugs used and 

the levels of neutralizing antibodies, anti-spike Ab and 

anti-RBD Ab 

In the present study, a significant relationship was 

found between Adalimumab and Etanercept with the 

level of neutralizing antibodies, but no significant 

relationship was found between the levels of antibodies 

and the average dose of other drugs. 

 

Table 1. The amount of antibodies 
Anti-Body Average SD Minimum level Maximum level 

neutralizing 

antibodies 
25.23 16.92 2.15 68.47 

anti-spike Ab 118.6 54.06 8.68 216.05 

anti-RBD Ab 95.65 69.13 5.85 217.75 
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Table 2. Relationship between age and levels of neutralizing antibodies, anti-spike Ab and anti-RBD Ab 

Anti-body  Average SD P 

neutralizing antibodies 

Under 21 13.57 6.21 

0.372 

21-30 31.51 18.00 

31-40 22.91 16.43 
41-50 28.44 17.58 

51-60 22.22 17.58 

61-70 19.69 13.11 

anti-spike Ab 

Under 21 76.49 28.4 

0.590 

21-30 135.39 46.37 

31-40 117.07 54.93 
41-50 119.28 52.19 

51-60 100.19 60.72 

61-70 123.36 59.15 

anti-RBP 

Under 21 23.40 14.1 

0.731 

21-30 107.12 55.33 

31-40 88.04 67.75 

41-50 105.11 79.29 

51-60 82.03 69.33 

61-70 99.76 68.06 

 

Table 3. Relationship between sex and levels of neutralizing antibodies, anti-spike Ab and anti-RBD Ab 

Antibody 
Sex 

P 
Male Female 

Neutralizing antibodies 37.31±18.67 23.89±16.29 0.023 

Anti-spike Ab 117.99 ±60.93 118.07±53.67 0.997 

Anti-RBD 111.45±84.73 93.90±67.58 0.473 
 

Table 4. The relationship between the type of vaccine and the levels of neutralizing antibodies, anti-spike 

Ab and anti-RBD Ab 
Anti-body Vaccine Average SD F P 

Neutralizing 

Antibodies 

Sinopharm 26.35 17.70 

0.419=(2 87) 0.419 COVIran Barekat 19.99 10.14 

AstraZeneca 24.45 25.35 

Anti-spike Ab 
Sinopharm 118.84 54.46 

0.924=(2 87) 0.942 COVIran Barekat 113.70 46.46 

AstraZeneca 121.07 97.40 

Anti-RBP 
Sinopharm 96.58 70.56 

0.395=(2 87) 0.395 COVIran Barekat 82.11 50.47 

AstraZeneca 141.05 116.46 

 

Table 5. The relationship between the type of drugs consumed and the levels of neutralizing antibodies, 

anti-spike Ab and anti-RBD Ab 

Anti-body Type of drug Average SD F P-value 

Neutralizing 

antibodies 
CS DMARD 20.33 13.26 1.09 =(5 84) 0.372 

PREDNISOLONE-CS DMARD 25.17 17.90 
PRED-CS DMARD- Immunosuppressive 21.56 15.10 

PREDNISOLONE-CS DMARD-B DMARD 38.50 15.09 
CS DMARD-B DMARD 31.29 17.98 

PREDNISOLONE- Immunosuppressive 23.84 20.48 

Anti-spike 

Ab 
CS DMARD 107.64 63.35 0.748 =(5 84) 0.590 

PREDNISOLONE-CS DMARD 116.85 55.90 
PREDNISOLONE-CS DMARD- 

Immunosuppressive 
113.00 47.82 

PREDNOSOLONE-CS DMARD-B DMARD 147.12 37.11 
CS DMARD-B DMARD 128.38 63.27 

PREDNISOLONE- Immunosuppressive 108.98 77.09 

Anti-RBD CS DMARD 88.06 74.99 0.559 =(5 84) 0.731 

PREDNISOLONE-CS DMARD 93.44 68.88 
PREDNISOLONE-CS DMARD- 

Immunosuppressive 
83.98 62.12 

PREDNISOLONE-CS DMARD-B DMARD 63.08 63.08 
CS DMARD-B DMARD 85.53 85.53 

PREDNISOLONE- Immunosuppressive 95.16 95.61 
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Discussion 
 

The current study investigated the efficacy of 

COVID-19 vaccination in patients with rheumatologic 

disorders receiving immunosuppressive therapies, 

including corticosteroids. In total, 91 patients were 

included, the vast majority of whom were women (89%). 

A similar gender distribution has been reported in other 

studies, with higher prevalence rates of rheumatologic 

diseases among females, potentially related to differences 

in immune system regulation influenced by both sex 

hormones and genetic factors (11-13). 

No association between age and antibody levels was 

detected in our study, although prior investigations have 

established a link between advancing age and decreased 

immunogenicity (7). Several studies have indicated that 

this age-related decline is due to intrinsic impairment of 

immune function, underscoring the potential need for 

tailored vaccination approaches, such as dose adjustments 

or booster doses, in older individuals (7,11,14,15). 

We observed significantly higher neutralizing 

antibody levels in males compared to females; however, 

no differences were noted for the other two antibody 

types, namely anti-spike and anti-RBD antibodies. At 

first glance, these results appear to contrast with previous 

studies reporting a greater immune response in females, 

attributed to enhanced humoral and cellular immunity 

(11). Contributory factors may include hormonal 

influences and genetic differences. The apparent 

inconsistency observed in our study may be attributable 

to the small sample size of male participants, highlighting 

the need for larger studies to confirm these findings (15-

17). 

Vaccine type may have influenced the immune 

response, as patients who received the AstraZeneca 

vaccine exhibited higher levels of anti-spike and anti-

RBD antibodies compared to those vaccinated with 

Sinopharm or COVIran Barekat. It is important to note 

that during the pandemic, the COVIran Barekat vaccine 

was more widely available regionally, limiting direct 

comparisons across vaccine groups, and the small sample 

size further constrained the statistical power of these 

analyses. Nevertheless, when making an overall 

comparison among all vaccine types with respect to 

antibody responses, the differences did not reach 

statistical significance, likely due to the limited sample 

sizes. This is consistent with findings by Tang et al., who, 

although reporting variability in immune responses 

across different vaccine platforms, emphasized the 

benefit of complete vaccination regimens (7). 

Furthermore, although we did not observe a 

significant overall association between 

immunosuppressive medication classes and antibody 

levels, an interesting association was noted with specific 

agents, namely adalimumab and etanercept. This finding 

is consistent with previous research indicating that certain 

biologic therapies may modulate the immune response to 

COVID-19 vaccination (18). These drugs target TNF, a 

key proinflammatory cytokine (19). Numerous studies 

have compared vaccine responses in individuals 

receiving anti-TNF agents with those in the general 

population (20). Some have reported reduced responses, 

whereas others have demonstrated no significant 

differences in immunogenicity (21-24). 

Various studies have examined the effectiveness and 

safety of COVID-19 vaccination in patients with ARDs, 

particularly those undergoing immunosuppressive 

therapies. Tang et al., conducted a systematic review and 

meta-analysis evaluating the immunogenicity, efficacy, 

and safety of COVID-19 vaccines in patients with ARDs 

(7). Furer et al., reported that antibody formation in 

patients with ARDs was significantly lower compared to 

the general population. Notable treatments associated 

with reduced vaccine-induced antibody responses 

included glucocorticoids, rituximab, and mycophenolate 

mofetil. They documented that only 39% of patients 

receiving rituximab developed detectable antibodies (11). 

These results are in concordance with the findings of 

Alsaed et al., who demonstrated that although the 

majority of patients developed a satisfactory immune 

response, those treated with rituximab exhibited lower 

antibody titers compared to other groups. These 

observations align with previous reports regarding the 

suppressive effects of B-cell–depleting therapies (25). 

In the study by Shen et al., the effectiveness of three 

FDA-approved COVID-19 vaccines was evaluated in a 

large cohort of immunocompromised patients. These 

vaccines were generally effective in reducing the risk of 

severe COVID-19 and hospitalization, although their 

protective effect was notably lower compared to that 

observed in the general vaccinated population; their 

analysis included patients on corticosteroids and other 

immune-modulating therapies. Their results showed that, 

even with vaccination, immunocompromised individuals 

remained at high risk for breakthrough infection and thus 

required additional preventive measures, including 

booster doses, to achieve adequate protection in high-risk 

groups (26). 

These findings suggest that individualized 

vaccination strategies, such as additional doses or 
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modification of immunosuppressive regimens, may be 

necessary to achieve optimal protection in this at-risk 

population. Future studies with larger patient cohorts, 

focusing on both humoral and cellular immune responses, 

will be needed to better elucidate vaccine efficacy in 

immunocompromised patients. 

This study investigated the effectiveness of COVID-

19 vaccination in patients with rheumatologic diseases 

receiving immunosuppressive drugs, including 

corticosteroids. The primary aim of this study was to 

determine the levels of neutralizing, anti-spike, and anti-

RBD antibodies in these patients after vaccination and to 

compare their immune responses with those of the 

general population. The results showed that, although a 

large proportion of patients developed an adequate 

antibody response, several factors influenced vaccine 

outcomes. 

Sex appeared to be a major determining factor, as 

male patients exhibited much higher levels of neutralizing 

antibodies than female patients. This finding may indicate 

a potential biological difference in the immune response 

that warrants further investigation. However, it is 

important to note that the number of male participants 

was small, which may have affected the statistical results. 

No significant associations were observed between 

antibody levels and patient age, chronic disease status, or 

vaccination type, including Sinopharm, COVIran 

Barekat, and AstraZeneca. 

Most participants in this study received the 

Sinopharm vaccine, which was predominantly used in 

Iran and may have introduced regional bias. However, 

further investigation is needed to compare the efficacy of 

different vaccine types in this population. The small 

sample sizes, particularly among male participants and 

those who received the AstraZeneca vaccine, may have 

affected the results. This emphasizes the need for larger-

scale studies with greater sample sizes to confirm these 

findings. Although the responses were not uniform, the 

vaccines provided some degree of protection, and no 

severe adverse reactions were reported by the 
participants. However, it is important to note that patients 

receiving certain immunosuppressive therapies, 

particularly corticosteroids and specific DMARDs, 

exhibited diminished antibody responses, indicating that 

tailored vaccination strategies should be considered. 

These findings underscore the importance of 

continued monitoring and assessment of vaccine efficacy 

in immunocompromised patients with autoimmune 

diseases. Given the complexity of immune modulation in 

these patients, personalized vaccination schedules, such 

as additional booster doses, may be necessary to achieve 

improved protection against COVID-19. Moreover, this 

study indicates that healthcare professionals should 

consider not only the benefits but also the potential 

limitations of COVID-19 vaccines in this vulnerable 

population. 

We therefore conclude that, although COVID-19 

vaccines are generally effective in patients with 

rheumatologic diseases, various clinical factors may still 

influence immune responses. Further studies involving 

larger groups of immunocompromised individuals are 

needed to develop improved vaccination protocols, 

ensure that high-risk groups receive appropriate 

immunization strategies against COVID-19, reduce 

severe illness, and strengthen population-level resilience. 

 

References 
 

1. Worldometer. COVID-19 coronavirus pandemic 

[Internet]. 2024 [cited date unknown]. Available from: 

https://www.worldometers.info/coronavirus/ 

2. Joudeh AI, Lutf AQ, Mahdi S, Tran G. Efficacy and safety 

of mRNA and AstraZeneca COVID-19 vaccines in 

patients with autoimmune rheumatic diseases: a systematic 

review. Vaccine 2023;41:3801-12. 

3. García LF. Immune response, inflammation, and the 

clinical spectrum of COVID-19. Front Immunol 2020;11. 

4. Rutherford MA, Scott J, Karabayas M, Antonelou M, 

Gopaluni S, Gray D, et al. Risk factors for severe outcomes 

in patients with systemic vasculitis and COVID-19: a 

binational, registry-based cohort study. Arthritis 

Rheumatol 2021;73:1713-9. 

5. Halim M, Halim A, Tjhin Y. COVID-19 vaccination 

efficacy and safety literature review. J Clin Med Res 

2021;3:1-10. 

6. Choi B, Choudhary MC, Regan J, Sparks JA, Padera RF, 

Qiu X, et al. Persistence and evolution of SARS-CoV-2 in 

an immunocompromised host. N Engl J Med 

2020;383:2291-3. 

7. Tang KT, Hsu BC, Chen DY. Immunogenicity, 

effectiveness, and safety of COVID-19 vaccines in 

rheumatic patients: an updated systematic review and 

meta-analysis. Biomedicines 2022;10:834. 

8. Kapetanovic MC, Saxne T, Sjöholm A, Truedsson L, 

Jönsson G, Geborek P. Influence of methotrexate, TNF 

blockers and prednisolone on antibody responses to 

pneumococcal polysaccharide vaccine in patients with 

rheumatoid arthritis. Rheumatology (Oxford) 

2006;45:106-11. 

9. Park JK, Lee MA, Lee EY, Song YW, Choi Y, Winthrop 

KL, Lee EB. Effect of methotrexate discontinuation on 

efficacy of seasonal influenza vaccination in patients with 



R. Farrokhseresht, et al. 

Acta Medica Iranica, Vol. 64, No. 7 (2026)    459 

rheumatoid arthritis: a randomised clinical trial. Ann 

Rheum Dis 2017;76:1559-65. 

10. American College of Rheumatology. COVID-19 guidance 

[Internet]. 2024.  

11. Furer V, Rondaan C, Agmon-Levin N, van Assen S, Bijl 

M, Kapetanovic MC, et al. Point of view on the vaccination 

against COVID-19 in patients with autoimmune 

inflammatory rheumatic diseases. RMD Open 

2021;7:e001594. 

12. González DA, Díaz BB, Rodríguez Pérez MDC, 

Hernández AG, Chico BND, de León AC. Sex hormones 

and autoimmunity. Immunol Lett 2010;133:6-13. 

13. Moulton VR. Sex hormones in acquired immunity and 

autoimmune disease. Front Immunol 2018;9. 

14. Søgaard OS, Reekie J, Johansen IS, Nielsen H, Benfield T, 

Wiese L, et al. Characteristics associated with serological 

COVID-19 vaccine response and durability in an older 

population with significant comorbidity: the Danish 

nationwide ENFORCE study. Clin Microbiol Infect 

2022;28:1126-33. 

15. Prendecki M, Clarke C, Edwards H, McIntyre S, Mortimer 

P, Gleeson S, et al. Humoral and T-cell responses to SARS-

CoV-2 vaccination in patients receiving 

immunosuppression. Ann Rheum Dis 2021;80:1322-9. 

16. Richmond P, Hatchuel L, Dong M, Ma B, Hu B, Smolenov 

I, et al. Safety and immunogenicity of S-Trimer (SCB-

2019), a protein subunit vaccine candidate for COVID-19 

in healthy adults: a phase 1, randomised, double-blind, 

placebo-controlled trial. Lancet 2021;397:682-94. 

17. El Sahly HM, Baden LR, Essink B, Doblecki-Lewis S, 

Martin JM, Anderson EJ, et al. Efficacy of the mRNA-

1273 SARS-CoV-2 vaccine at completion of blinded 

phase. N Engl J Med 2021;385:1774-85. 

18. Komlodi-Pasztor E, Escarra-Senmarti M, Bazer DA, 

Bhatnagar A, Perez Heydrich CA, Messmer M, et al. The 

immune response to COVID-19 mRNA vaccination 

among lymphoma patients receiving anti-CD20 treatment. 

Front Immunol 2024;15. 

19. Steeland S, Libert C, Vandenbroucke RE. A new venue of 

TNF targeting. Int J Mol Sci 2018;19:1442. 

20. Kappelman MD, Weaver KN, Boccieri M, Firestine A, 

Zhang X, Long MD, et al. Humoral immune response to 

messenger RNA COVID-19 vaccines among patients with 

inflammatory bowel disease. Gastroenterology 

2021;161:1340-3.e2. 

21. Garcillán B, Salavert M, Regueiro JR, Díaz-Castroverde S. 

Response to vaccines in patients with immune-mediated 

inflammatory diseases: a narrative review. Vaccines 

(Basel) 2022;10:297. 

22. Elkayam O, Bashkin A, Mandelboim M, Litinsky I, 

Comaheshter D, Levartovsky D, et al. The effect of 

infliximab and timing of vaccination on the humoral 

response to influenza vaccination in patients with 

rheumatoid arthritis and ankylosing spondylitis. Semin 

Arthritis Rheum 2010;39:442-7. 

23. Shehab M, Alrashed F, Alfadhli A, Alotaibi K, Alsahli A, 

Mohammad H, et al. Serological response to BNT162b2 

and ChAdOx1 nCoV-19 vaccines in patients with 

inflammatory bowel disease on biologic therapies. 

Vaccines (Basel) 2021;9:1471. 

24. Frey S, Chowdhury R, Connolly CM, Werbel WA, Segev 

DL, Parian AM, et al. Antibody response six months after 

SARS-CoV-2 mRNA vaccination in patients with 

inflammatory bowel disease. Clin Gastroenterol Hepatol 

2022;20:1609-12.e1. 

25. Alsaed O, Al Emadi S, Satti E, Muthanna B, Akkam 

Veettil SF, Ashour H, et al. Humoral response of patients 

with autoimmune rheumatic disease to BNT162b2 

vaccine: a retrospective comparative study. Cureus 

2022;14:e24585. 

26. Shen C, Risk M, Schiopu E, Hayek SS, Xie T, Holevinski 

L, et al. Efficacy of COVID-19 vaccines in patients taking 

immunosuppressants. Ann Rheum Dis 2022;81:875-80. 

 

 


