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Abstract

Background: It is well-known that disease-modifying therapies (DMTs) in patients with multiple sclerosis (PwMS) may reduce
the immune response to COVID-19 vaccines.

Objectives: The present study aimed to investigate the efficacy of the Sinopharm/BBIBP-CorV vaccine in Iranian PwMS treated
with different DMTs.

Methods: This quasi-experimental study was conducted between January 2021 and January 2022 at the MS clinics of Imam
Hossein and Qaem Hospitals in Tehran and Mashhad, Iran. Based on inclusion and exclusion criteria, PWMS received two doses
of the Sinopharm vaccine at an interval of 28 days. The humoral response to the vaccine was evaluated by measuring the IgG
receptor-binding domain (RBD-IgG) against SARS-CoV-2 on three occasions: before vaccination, 28 days after the first dose, and
28 days after the second dose.

Results: Of the 208 patients, 117 were eligible for analysis. The Sinopharm vaccine was generally safe among Iranian PwMS. The
IgG antibody titer against the SARS-CoV-2 strain was significantly associated with the DMT class. Patients treated with
fingolimod and rituximab developed the lowest humoral response to the Sinopharm vaccine (21.1% and 38.4%, respectively).

Conclusions: The present study revealed that PwMS treated with fingolimod and rituximab are likely to have a suboptimal
humoral response to the Sinopharm vaccine. This finding may help neurologists make informed decisions about DMT selection
during the pandemic.
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1. Background

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is responsible for COVID-19, which first
emerged in Wuhan, China, in 2019. Given the role of
vaccination as the most effective strategy to control the
pandemic, urgent attention was directed to the spike
protein on the SARS-CoV-2 surface as a suitable target for
vaccine development (1-3). Overall, 140 vaccines are
undergoing clinical development, including DNA,

mRNA, subunit, and vector vaccines, some of which have
been approved for human use (4).

In the COVID-19 era, patients with multiple sclerosis
(PwMS) represented a population of particular interest,
as they were at higher risk of infections due to the
administration of immunosuppressive or immune-
modulatory agents. Evidence has indicated that PwMS
treated with anti-CD20 monoclonal antibodies were at
increased risk of severe COVID-19, making vaccination
crucial for this population (5-7). However, as the COVID-
19 vaccination program progressed, questions arose
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about the ability of PwMS on disease-modifying
treatment (DMT) to mount an effective immune
response after vaccination. Numerous studies have
shown that anti-CD20s and sphingosine-1-phosphate
receptor modulators may attenuate the humoral
response to COVID-19 vaccination. However, there
remains uncertainty about the effect of DMTs on cell-
mediated responses and innate immunity (8-11).

Notably, Iran, as a middle-income country, has a high
prevalence of MS, with an ongoing upward trend. Since
2015, a significant shift in the prescribing process of
DMTs has been observed, with anti-CD20 therapies
increasingly used as first-line treatments (12). In this
context, individualized management has become a
state-of-the-art approach provided through research to
understand how to enhance the immune response to
vaccination in PwMS (13).

2. Objectives

Despite extensive studies, a limited number of
investigations in Iran have addressed the effect of DMTs
on the effectiveness of COVID-19 vaccines. Given the
importance of MS management and the accessibility
and feasibility of serologic tests to assess antiviral
immunity, this study aimed to investigate the effect of
different DMTs on the levels of SARS-CoV-2 RBD IgG
following BBIBP-CorV COVID-19 vaccination.

3. Methods

3.1. Study Design

This quasi-experimental study was conducted in 2021
at the MS clinics of Imam Hossein Hospital in Tehran
and Ghaem Hospital in Mashhad. The study received
Institutional Review Board approval
(IR.SBMU.RETECH.REC.1400.346). Additionally, written
informed consent was obtained from all participants for
both participation and publication, in accordance with
the Declaration of Helsinki.

3.2. Study Population

All patients meeting the following criteria were
included in this study using a consecutive exposure-
based sampling method: (a) a diagnosis of MS based on
the McDonald Criteria 2017 and age over 18 years, with
regular use of their DMT for at least six months (or nine
months for glatiramer acetate); (b) no underlying
disease or medication use other than for MS; (c) no
active infection; and (d) a minimum interval of two
months between the last infusion of rituximab and
vaccination for patients treated with rituximab.

Patients were excluded if they had a history of COVID-
19 infection or vaccination within six months prior to
enrollment, were seropositive for COVID-19 in the first
blood sampling, had a history of clinical relapse or
steroid therapy in the four weeks preceding the study,
were attempting to conceive, were pregnant or in the
postpartum period, developed clinical relapse, COVID-
19, or serious adverse events associated with the COVID-
19 vaccine during the study, or did not attend regularly
for vaccination and follow-up visits.

A total of 208 patients were recruited, of whom 117
eventually met the eligibility criteria (Figure 1).

3.3. Interventions and Data Collection

3.3.1. Multiple Sclerosis Characteristics

In a faceto-face interview with patients, a
questionnaire was completed to collect demographic
characteristics, including age, gender, Body Mass Index
(BMI), MS phenotype, disease duration, DMT use, and
Expanded Disability Severity Scale (EDSS) score.

3.3.2. COVID-19 Vaccination

All  participants received two intramuscular
injections of 4 ng of the Sinopharm BBIBP-CorV vaccine
(equivalent to 0.5 mL per dose), administered 28 days
apart in the deltoid muscle.

3.3.3. Blood Sampling

The first blood sample was collected just before
vaccination, followed by additional samples 28 days
after each vaccination.

3.3.4. Laboratory Analysis

First, we measured serum-specific IgG and IgM
against the SARS-CoV-2 nucleocapsid antigen using the
ELISA PISHTAZ kit (Pishtaz Teb Diagnostics, IRAN, No.
MA.SARS-CoV-2 IgM_96_02). The Cut-off Index (COI) was
calculated according to the mathematical method
described in the kit catalog (PISHTAZ). A COI > 1.1 was
interpreted as reactive, while a COI < 1.1 was considered
non-reactive. For patients who were non-reactive for
serum-specific IgG and IgM against the SARS-CoV-2
nucleocapsid antigen, anti-RBD IgG was measured using
the ELISA SARS-CoV-2 IgG DIAZIST kit (Sina Biotech, IRAN,
No. DG.COVSG.01). A cut-off point > 11 AU/mL was
interpreted as reactive, and a cut-off point < 11 AU/mL
was considered non-reactive. All samples were analyzed
in a single run to minimize between-run variability.
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Figure 1. Consort diagram of participant flow through the study

Table 1. The Demographic and MS-related Characteristics of PwMS Who Received Two Dosages of the Sino Pharm Vaccine *

Variables (DMT) None (n=6) DMF (n=14) Fingolimod (n=19) GA(n=7) INEB(n=19) NTZ(n=6) RIX(n=38) Teriflunomide (n =8)
Age(y) 39.6+10.1 325+55 35.8+83 39+9.5 37.9+10 31.6+5.4 41+93 51.5+11.3
BMI 23.6+2.6 24+41 252+41 26.7+4.4 24.9+3.9 25.6+£4.5 24135 251£3.5
MS Duration (y) 17.2+10.7 5+71 8.8+7.8 7.7+5.4 57+4.4 4+37 8.8+7.4 12£12.6
Gender

Female 5(83.3) 10 (71.4) 10 (52.6) 5(71.4) 15(78.9) 6(100) 31(81.6) 7(87.5)

Male 1(16.7) 4(28.6) 9(47.4) 2(28.6) 4(211) 00 7(18.4) 1(12.5)
MS phenotype

RRMS 1(50) 11(91.7) 19 (100) 7(100) 16 (100) 4(80) 7(36.9) 4(66.7)

PPMS 0 1(8.3) 0 0 0 0 2(10.5) 0

SPMS 1(50) (0] (0] (o] 0 1(20) 10 (52.6) 2(333)
EDSS

0-3.5 00 11(91.7) 11(73.3) 7(100) 10 (66.7) 2(40) 6(31.6) 2(333)

4-55 5(100) 1(83) 4(26.7) 0 5(33.3) 3(60) 9(47.4) 2(333)

>6 0 0 0 0 0 0 4(211) 2(333)

Abbreviations: PwMS, patients with multiple sclerosis; DMT, disease-modifying treatment; DMF, dimethyl fumarate; FTY, Fingolimod; GA, glatiramer acetate; INF-B, interferon
beta; NTZ, natalizumab; RTZ, rituximab; Teri, teriflunomide; BMI, Body Mass Index; RRMS, relapse remitting MS; SPMS, secondary progressive MS; PPMS, primary progressive MS;

EDSS, expanded disability status scale.

@Values are expressed as No. (%) or mean + SD.

3.4. Statistical Analysis

Continuous variables were expressed as the mean +
SD, while categorical variables were presented as

Arch Clin Infect Dis. 2024;19(6): €143412

percentages and COL. ANOVA was used to compare data
across DMT classes. All statistical analyses were
performed using GraphPad Prism Software version 8.0
(GraphPad Software, San Diego, CA, USA). A P-value of
less than 0.05 was considered statistically significant.
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Figure 2. The prevalence of anti-Sars-Cov-2 Receptor Binding Domain Seropositivity after Sinopharm vaccination in PwMS
4. Results significant association between SARS-CoV-2

4.1. Demographic and Clinical Data

One hundred and seventeen patients were enrolled
between January 2021 and January 2022. The majority of
the patients (76.1%) were female, with a mean age of 38.2
+ 9.7 years. Most patients (80.2%) were diagnosed with
relapsing-remitting MS (RRMS), with a mean disease
duration of 7.6 + 8 years. The majority (92.9%) were
independently ambulatory. The baseline clinical and
demographic characteristics of the patients are
summarized in Table 1.

4.2.Vaccine Safety

The BBIBP-CorV COVID-19 vaccine was generally safe
in PWMS, with no reports of serious adverse events. A
total of 45 patients (38.46%) reported at least one
adverse event, with myalgia being the most frequently
reported. Additionally, no patient experienced a clinical
relapse within six weeks after vaccination.

4.3. Humoral Inmune Response

An optimal humoral immune response, defined as a
50% increase in antibody titer on the 28th day after the
second vaccination, was observed as follows: INF-8
(interferon beta) (89.5%), glatiramer acetate (71.4%),
dimethyl fumarate (85.7%), teriflunomide (50%),
fingolimod (21.1%), natalizumab (83.5%), rituximab
(38.4%), and no DMT (83.3%). The results revealed a

seroconversion and DMT class at both timelines (P =
0.046, P = 0.004). Additionally, the antibody titer was
significantly related to the DMT class (P = 0.048, P =
0.000) (Figure 2).

Figure 1 illustrates an increasing trend in antibody
titers to SARS-CoV-2 across all DMTs, with more
pronounced increases for INF-f and dimethyl fumarate
during the first timeline. Furthermore, a significant
difference in the final antibody titer was observed
between patients treated with natalizumab and those
treated with INF-B, fingolimod, and rituximab. The final
antibody titer also differed significantly between
patients treated with rituximab compared to those
treated with INF-B and glatiramer acetate (Figure 3).

Considering other possible contributing factors, we
revealed no statistical association between MS
phenotype (P = 0.263, P = 0.20), sex (P = 0.633, P = 0.92),
age (P=0.54,P=0.87),and BMI (P =0.46, P=0.09).

5. Discussion

Vaccination against SARS-CoV-2 has significantly
contributed to controlling the COVID-19 pandemic.
However, there remains substantial uncertainty
regarding the optimal humoral response to SARS-CoV-2
vaccination in PwMS. Previous studies have suggested
that PWMS on DMTs might exhibit a reduced humoral
response to the vaccine, particularly those treated with
anti-CD20 therapies and fingolimod, raising critical
questions about how to vaccinate

Arch Clin Infect Dis. 2024;19(6): 143412
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Figure 3. The trend of antibody levels in baseline, 28 days and 56 days after Sinopharm vaccination in Iranian PWMS treated with different DMTs. Asterisks show significant
differences between each DMT group on 56 days after vaccination. Hashes are showing significant differences between day 0 and day 28 or day 56. Anti-RBD Ab, receptor binding
domain antibody; PwMS, patient with multiple sclerosis; DMT, disease-modifying treatment.

immunocompromised individuals most effectively (8,
14-16).

Since the Sinopharm vaccine is the most commonly
used in Iran, and limited data exist on the immune
response to the COVID-19 vaccine in the Iranian
population, the present study investigated the humoral
response in Iranian PwMS treated with different DMTs.
Patients received the Sinopharm vaccine in two stages,
with evaluations conducted 28 days after the first and
second doses. The results revealed that 28 days after the
first dose, antibody levels in PwMS treated with
teriflunomide, fingolimod, and rituximab showed no
significant difference compared to baseline. However, 28
days after the second dose, an increase in humoral
immunity was observed across all PwMS, regardless of
the DMT type. Nevertheless, PwMS treated with

Arch Clin Infect Dis. 2024;19(6): €143412

fingolimod and rituximab failed to meet the minimum
vaccine efficacy requirements based on WHO standards.

Our findings align with numerous reports during the
COVID-19 pandemic indicating a lower humoral
response in PwWMS treated with fingolimod and anti-
CD20 therapies (8, 14-16). The primary reason for the
diminished humoral response with anti-CD20 therapies
is attributed to their mechanism of action, which
reduces the number of naive and memory B-cells,
thereby decreasing antibody secretion (17). However,
other factors, including disease duration, treatment
duration, dosing interval, age, comorbidities, and BMJ,
may also influence the immune response (18). Several
studies have demonstrated a negative association
between BMI and age with vaccine immunity, while
others, consistent with our results, have not found such
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an association (19-23). Additionally, robust evidence
suggests that exposure to anti-CD20 therapies 3-6
months before COVID-19 vaccination may significantly
impair the development of a protective humoral
response. This is consistent with prior observations that
B-cell repopulation typically begins approximately six
months after the last anti-CD20 treatment (24, 25).

Despite a diminished humoral response, growing
evidence suggests a preserved T-cell immune response
in patients treated with anti-CD20 therapies. A recent
review demonstrated that SARS-CoV-2-specific memory
T-cell responses were not only comparable between
BNTi62b2-vaccinated healthy controls and ocrelizumab-
treated PwMS, but also showed a higher level of IEN-y-
producing T-cells in the ocrelizumab group. This finding
signifies an enhanced vaccine-induced T-cell response in
PwMS treated with ocrelizumab (10). Similarly, Samuel
Bitoun et al. reported preserved CD4 and CDS8 T-cell
responses in  rituximab-treated patients with
autoimmune diseases, even in those lacking a humoral
response (10). However, limited data suggest reduced
SARS-CoV-2-specific CD4 T-cell responses in patients
treated with fingolimod, likely due to CD4 T-cell
lymphopenia or disrupted T and B-cell interactions in
lymph nodes (10).

The effect of teriflunomide on the immune response
remains a topic of interest. While some studies have
shown a mild dose-dependent reduction in the efficacy
of influenza and rabies vaccines in PWMS treated with
teriflunomide, others have demonstrated -effective
immune responses to seasonal influenza vaccination,
consistent with the preservation of protective immune
responses (10). Additionally, most studies on COVID-19
vaccination indicate that PwMS treated with
teriflunomide are likely to mount a similar immune
response to untreated patients (8, 14-16).

Considering all factors, PwMS should be encouraged
to follow immunization programs, with appropriate
timing for patients treated with anti-CD20 therapies and
the inclusion of booster doses to achieve optimal
immune responses.

Like other observational studies, our work has some
limitations, the most notable being the small sample
size and the lack of a control population for
comparison. Additionally, we did not assess SARS-CoV-2
serostatus after the third and fourth vaccination doses.
Furthermore, we evaluated only IgG responses as a
measure of humoral immunity, whereas the adaptive
immune response to SARS-CoV-2 depends on both
cellular responses and specific antibodies. Therefore,
these findings should be interpreted cautiously and
generalized with care. Further studies with larger

sample sizes and longer follow-up durations are needed
to confirm our findings.

5.1. Conclusions

The present study revealed that PwWMS treated with
INF-B, glatiramer acetate, teriflunomide, dimethyl
fumarate, and natalizumab produced optimal humoral
immune responses after receiving two doses of the
BBIBP-CorV (Sinopharm) vaccine. However, anti-CD20
therapies and fingolimod significantly reduced
humoral immune responses, underscoring the need for
cautious interpretation of vaccine effectiveness in these
populations. This calls for a comprehensive evaluation
of both B and T-cell responses, as well as consideration
of booster doses in COVID-19 vaccination strategies for
these patients.

Acknowledgements

We appreciate the help of Dr. Houman Vosough, the
pathologist of the Medical Laboratory of Imam Hossein
Hospital, and the Clinical Research Development Unit of
Imam Hossein Hospital, Shahid Beheshti University of
Medical Sciences. The authors gratefully acknowledge
and, in memory of all medical staff, thousands of
unsung heroes participating in the frontline in the fight
against the pandemic of COVID-19.

Footnotes

Authors' Contribution: Study concept and design:
Mehran Ghaffari, Nahid Beladi Moghadam, Mehrdad
Haghighi, Houshang Rafatpanah, and Mohammadali
Nahayati; acquisition of data: Abdolreza Javadi, Seyed
Hossein Aghamiri, Mehran Ghaffari, Nahid Beladi
Moghadam; analysis and interpretation of data: Sepideh
Paybast, Mehran Ghaffari, and Saba Sadeghi Rashed;
drafting of the manuscript: Sepideh Paybast, Mehran
Ghaffari, and Saba Sadeghi Rashed; critical revision of
the manuscript for important intellectual content:
Sepideh Paybast, Mehran Ghaffari, and Saba Sadeghi
Rashed; statistical analysis: Sepideh Paybast and Saba
Sadeghi Rashed; administrative, technical, and material
support: Abdolreza Javadi, Seyed Hossein Aghamiri,
Mohammadali Nahayati; study supervision: Mehran
Ghaffari and Nahid Beladi Moghadam.

Conflict of Interests Statement: The authors have no
relevant financial or non-financial interests to disclose.

Data Availability: Data and material provide a
standardized format.

Arch Clin Infect Dis. 2024;19(6): 143412


https://brieflands.com/articles/archcid-143412

GhaffariMet al.

Brieflands

Ethical Approval: The study was performed in line

with the principles of the Declaration of Helsinki.
Approval was granted by the Institutional Review Board
approval (IR.SBMU.RETECH.REC.1400.346 ).

Funding/Support: The authors declare that no funds,

grants, or other support were received during the
preparation of the manuscript.

Informed Consent: Informed consent was obtained

from all individual participants included in the study.

References

10.

Duan L, Zheng Q, Zhang H, Niu Y, Lou Y, Wang H. The SARS-CoV-2 Spike
Glycoprotein Biosynthesis, Structure, Function, and Antigenicity:
Implications for the Design of Spike-Based Vaccine Immunogens.
Front Immunol. 2020;11:576622. [PubMed ID: 33117378]. [PubMed
Central ID: PMC7575906]. https://doi.org[10.3389/fimmu.2020.576622.

Huang Y, Yang C, Xu XF, Xu W, Liu SW. Structural and functional
properties of SARS-CoV-2 spike protein: potential antivirus drug
development for COVID-19. Acta Pharmacol Sin. 2020;41(9):1141-9.
[PubMed ID: 32747721]. [PubMed Central ID: PMC7396720].
https://doi.org/10.1038/s41401-020-0485-4.

Liu YC, Kuo RL, Shih SR. COVID-19: The first documented coronavirus
pandemic in history. Biomed ]. 2020;43(4):328-33. [PubMed ID:
32387617]. [PubMed Central ID: PMC7199674].
https://doi.org[10.1016/j.bj.2020.04.007.

Kudlay D, Svistunov A. COVID-19 Vaccines: An Overview of Different
Platforms. Bioengineering (Basel). 2022;9(2). [PubMed ID: 35200425].
[PubMed Central ID: PMC8869214].
https://doi.org/10.3390/bioengineering9020072.

Pugliatti M, Berger T, Hartung HP, Oreja-Guevara C, Bar-Or A. Multiple
sclerosis in the era of COVID-19: disease course, DMTs and SARS-CoV2
vaccinations. Curr Opin Neurol. 2022;35(3):319-27. [PubMed ID:
35674075]. https://doi.org/10.1097/WCO.0000000000001066.

Smith TE, Madhavan M, Gratch D, Patel A, Saha V, Sammarco C, et al.
Risk of COVID-19 infection and severe disease in MS patients on
different disease-modifying therapies. Mult Scler Relat Disord.
2022;60:103735. [PubMed ID: 35398713]. [PubMed Central ID:
PMC8915504]. https://doi.org[10.1016/j.msard.2022.103735.

Tur C, Dubessy AL, Otero-Romero S, Amato MP, Derfuss T, Di Pauli F, et
al. The risk of infections for multiple sclerosis and neuromyelitis
optica spectrum disorder disease-modifying treatments: Eighth
European Committee for Treatment and Research in Multiple
Sclerosis Focused Workshop Review. April 2021. Mult Scler.
2022;28(9):1424-56. [PubMed ID: 35196927].
https:|/doi.org/10.1177/13524585211069068.

Etemadifar M, Nouri H, Pitzalis M, Idda ML, Salari M, Baratian M, et al.
Multiple sclerosis disease-modifying therapies and COVID-19
vaccines: a practical review and meta-analysis. | Neurol Neurosurg
Psychiatry. ~ 2022;93(9):986-94. [PubMed  ID:  35688629].
https://doi.org[10.1136/jnnp-2022-329123.

Holroyd KB, Healy BC, Conway S, Houtchens M, Bakshi R,
Bhattacharyya S, et al. Humoral response to COVID-19 vaccination in
MS patients on disease modifying therapy: Immune profiles and
clinical outcomes. Mult Scler Relat Disord. 2022;67:104079. [PubMed
ID:  35952457]. [PubMed Central ID: PMC9330583].
https://doi.org[10.1016[j.msard.2022.104079.

Reder AT, Stuve O, Tankou SK, Leist TP. T cell responses to COVID-19
infection and vaccination in patients with multiple sclerosis

Arch Clin Infect Dis. 2024;19(6): €143412

12.

14.

15.

17.

18.

19.

20.

21

22,

receiving disease-modifying therapy. Mult Scler. 2023;29(6):648-56.
[PubMed ID: 36440826]. [PubMed Central ID: PMC9708532].
https:|/doi.org[10.1177/13524585221134216.

Williamson EM, Chahin S, Berger JR. Vaccines in Multiple Sclerosis.
Curr Neurol Neurosci Rep. 2016;16(4):36. [PubMed ID: 26922172].
https://doi.org[10.1007/s11910-016-0637-6.

Ezabadi SG, Ayoubi S, Sahraian MA, Omrani MA, Eskandarieh S. The
incidence and prevalence of crude and familial multiple sclerosis in
Tehran, Iran in 2021. Neurol Sci. 2023;44(12):4517-8. [PubMed ID:
37642789]. https:[/doi.org[10.1007/s10072-023-07043-w.

Ghadiri F, Sahraian MA, Baghbanian SM, Ashtari F, Razazian N,
Majdinasab N, et al. Prescription trends of disease-modifying
treatments for multiple sclerosis in Iran over the past 30 years. Mult
Scler Relat Disord. 2022;61:103777. [PubMed ID: 35390594].
https://doi.org[10.1016/j.msard.2022.103777.

Bigaut K, Kremer L, Fleury M, Lanotte L, Collongues N, de Seze ].
Impact of disease-modifying treatments on humoral response after
COVID-19 vaccination: A mirror of the response after SARS-CoV-2
infection. Rev Neurol (Paris). 2021;177(10):1237-40. [PubMed ID:
34172292]. [PubMed Central ID: PMC8206590].
https://doi.org/10.1016/j.neurol.2021.05.001.

Golshani M, Hrdy J. Multiple Sclerosis Patients and Disease Modifying
Therapies: Impact on Immune Responses against COVID-19 and SARS-
CoV-2 Vaccination. Vaccines (Basel). 2022;10(2). [PubMed ID: 35214735].
[PubMed Central ID: PMC8876554].
https://doi.org/10.3390/vaccines10020279.

Jakimovski D, Zakalik K, Awan S, Kavak KS, Pennington P, Hojnacki D,
et al. COVID-19 Vaccination in Multiple Sclerosis and Inflammatory
Diseases: Effects from Disease-Modifying Therapy, Long-Term
Seroprevalence and Breakthrough Infections. Vaccines (Basel).
2022;10(5). [PubMed ID: 35632451]. [PubMed Central ID: PMC9146267].
https://doi.org/10.3390/vaccines10050695.

Achiron A, Mandel M, Dreyer-Alster S, Harari G, Magalashvili D, Sonis
P, et al. Humoral immune response to COVID-19 mRNA vaccine in
patients with multiple sclerosis treated with high-efficacy disease-
modifying therapies. Ther Adv Neurol Disord.
2021;14:17562864211012800. [PubMed ID: 34035836]. [PubMed Central
ID: PMC8072850]. https://doi.org/10.1177/17562864211012835.

Coyle PK, Gocke A, Vignos M, Newsome SD. Vaccine Considerations
for Multiple Sclerosis in the COVID-19 Era. Adv Ther. 2021;38(7):3550-
88. [PubMed ID: 34075554]. [PubMed Central ID: PMC8169434].
https://doi.org/10.1007/s12325-021-01761-3.

Ali A, Dwyer D, Wu Q, Wang Q, Dowling CA, Fox DA, et al.
Characterization of humoral response to COVID mRNA vaccines in
multiple sclerosis patients on disease modifying therapies. Vaccine.
2021;39(41):6111-6. [PubMed ID: 34483021]. [PubMed Central ID:
PMC8411370]. https://doi.org/10.1016/j.vaccine.2021.08.078.

Frasca D, Reidy L, Cray C, Diaz A, Romero M, Kahl K; et al. Influence of
obesity on serum levels of SARS-CoV-2-specific antibodies in COVID-19
patients. PLoS One. 2021;16(3). e0245424. [PubMed ID: 33760825].
[PubMed Central ID: PMC7990309].
https://doi.org/10.1371/journal.pone.0245424.

Piernas C, Patone M, Astbury NM, Gao M, Sheikh A, Khunti K, et al.
Associations of BMI with COVID-19 vaccine uptake, vaccine
effectiveness, and risk of severe COVID-19 outcomes after vaccination
in England: a population-based cohort study. Lancet Diabetes
Endocrinol. 2022;10(8):571-80. [PubMed ID: 35780805]. [PubMed
Central ID: PMC9246477]. https:|/doi.org[10.1016/5S2213-8587(22)00158-
9.

Soffer S, Glicksberg BS, Zimlichman E, Efros O, Levin MA, Freeman R,
et al. The association between obesity and peak antibody titer
response in COVID-19 infection. Obesity (Silver Spring). 2021;29(9):1547-
53. [PubMed ID: 33945220]. [PubMed Central ID: PMC8242567].
https://doi.org/10.1002/oby.23208.


https://brieflands.com/articles/archcid-143412
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=215436
http://www.ncbi.nlm.nih.gov/pubmed/33117378
https://www.ncbi.nlm.nih.gov/pmc/PMC7575906
https://doi.org/10.3389/fimmu.2020.576622
http://www.ncbi.nlm.nih.gov/pubmed/32747721
https://www.ncbi.nlm.nih.gov/pmc/PMC7396720
https://doi.org/10.1038/s41401-020-0485-4
http://www.ncbi.nlm.nih.gov/pubmed/32387617
https://www.ncbi.nlm.nih.gov/pmc/PMC7199674
https://doi.org/10.1016/j.bj.2020.04.007
http://www.ncbi.nlm.nih.gov/pubmed/35200425
https://www.ncbi.nlm.nih.gov/pmc/PMC8869214
https://doi.org/10.3390/bioengineering9020072
http://www.ncbi.nlm.nih.gov/pubmed/35674075
https://doi.org/10.1097/WCO.0000000000001066
http://www.ncbi.nlm.nih.gov/pubmed/35398713
https://www.ncbi.nlm.nih.gov/pmc/PMC8915504
https://doi.org/10.1016/j.msard.2022.103735
http://www.ncbi.nlm.nih.gov/pubmed/35196927
https://doi.org/10.1177/13524585211069068
http://www.ncbi.nlm.nih.gov/pubmed/35688629
https://doi.org/10.1136/jnnp-2022-329123
http://www.ncbi.nlm.nih.gov/pubmed/35952457
https://www.ncbi.nlm.nih.gov/pmc/PMC9330583
https://doi.org/10.1016/j.msard.2022.104079
http://www.ncbi.nlm.nih.gov/pubmed/36440826
https://www.ncbi.nlm.nih.gov/pmc/PMC9708532
https://doi.org/10.1177/13524585221134216
http://www.ncbi.nlm.nih.gov/pubmed/36440826
https://www.ncbi.nlm.nih.gov/pmc/PMC9708532
https://doi.org/10.1177/13524585221134216
http://www.ncbi.nlm.nih.gov/pubmed/26922172
https://doi.org/10.1007/s11910-016-0637-6
http://www.ncbi.nlm.nih.gov/pubmed/37642789
https://doi.org/10.1007/s10072-023-07043-w
http://www.ncbi.nlm.nih.gov/pubmed/35390594
https://doi.org/10.1016/j.msard.2022.103777
http://www.ncbi.nlm.nih.gov/pubmed/34172292
https://www.ncbi.nlm.nih.gov/pmc/PMC8206590
https://doi.org/10.1016/j.neurol.2021.05.001
http://www.ncbi.nlm.nih.gov/pubmed/35214735
https://www.ncbi.nlm.nih.gov/pmc/PMC8876554
https://doi.org/10.3390/vaccines10020279
http://www.ncbi.nlm.nih.gov/pubmed/35632451
https://www.ncbi.nlm.nih.gov/pmc/PMC9146267
https://doi.org/10.3390/vaccines10050695
http://www.ncbi.nlm.nih.gov/pubmed/34035836
https://www.ncbi.nlm.nih.gov/pmc/PMC8072850
https://doi.org/10.1177/17562864211012835
http://www.ncbi.nlm.nih.gov/pubmed/34075554
https://www.ncbi.nlm.nih.gov/pmc/PMC8169434
https://doi.org/10.1007/s12325-021-01761-3
http://www.ncbi.nlm.nih.gov/pubmed/34483021
https://www.ncbi.nlm.nih.gov/pmc/PMC8411370
https://doi.org/10.1016/j.vaccine.2021.08.078
http://www.ncbi.nlm.nih.gov/pubmed/33760825
https://www.ncbi.nlm.nih.gov/pmc/PMC7990309
https://doi.org/10.1371/journal.pone.0245424
http://www.ncbi.nlm.nih.gov/pubmed/35780805
https://www.ncbi.nlm.nih.gov/pmc/PMC9246477
https://doi.org/10.1016/S2213-8587(22)00158-9
https://doi.org/10.1016/S2213-8587(22)00158-9
http://www.ncbi.nlm.nih.gov/pubmed/33945220
https://www.ncbi.nlm.nih.gov/pmc/PMC8242567
https://doi.org/10.1002/oby.23208

Ghaffari M et al.

Brieflands

23.

24.

Wilder-Smith A, Frahsa A. Impact of BMI on COVID-19 vaccine
effectiveness. Lancet Diabetes Endocrinol. 2022;10(8):551-2. [PubMed
ID:  35780806].  [PubMed  Central ID:  PMC9246480].
https://doi.org[10.1016/S2213-8587(22)00170-X.

Baker D, Pryce G, James LK, Marta M, Schmierer K. The ocrelizumab
phase II extension trial suggests the potential to improve the risk:
Benefit balance in multiple sclerosis. Mult Scler Relat Disord.

25.

2020;44:102279. [PubMed ID:
https://doi.org[10.1016/j.msard.2020.102279.

Disanto G, Sacco R, Bernasconi E, Martinetti G, Keller F, Gobbi C, et al.
Association of Disease-Modifying Treatment and Anti-CD20 Infusion
Timing With Humoral Response to 2 SARS-CoV-2 Vaccines in Patients
With Multiple Sclerosis. JAMA Neurol. 2021;78(12):1529-31. [PubMed ID:
34554185]. [PubMed Central ID: PMC8461551].
https://doi.org[10.1001/jamaneurol.2021.3609.

32645640

Arch Clin Infect Dis. 2024;19(6): 143412


https://brieflands.com/articles/archcid-143412
http://www.ncbi.nlm.nih.gov/pubmed/35780806
https://www.ncbi.nlm.nih.gov/pmc/PMC9246480
https://doi.org/10.1016/S2213-8587(22)00170-X
http://www.ncbi.nlm.nih.gov/pubmed/32645640
https://doi.org/10.1016/j.msard.2020.102279
http://www.ncbi.nlm.nih.gov/pubmed/32645640
https://doi.org/10.1016/j.msard.2020.102279
http://www.ncbi.nlm.nih.gov/pubmed/34554185
https://www.ncbi.nlm.nih.gov/pmc/PMC8461551
https://doi.org/10.1001/jamaneurol.2021.3609

