
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.

Jameie et al. BMC Neurology          (2024) 24:291 
https://doi.org/10.1186/s12883-024-03793-y

BMC Neurology

*Correspondence:
Mohammad Hossein Harirchian
harirchn@hotmail.com; harirchm@tums.ac.ir

Full list of author information is available at the end of the article

Abstract
Background  To investigate the safety (adverse events [AEs] and post-vaccination multiple sclerosis [MS] activity 
within 6 weeks), clinical efficacy (protection against coronavirus disease 2019 [COVID-19]), and vaccine-induced 
humoral immunogenicity (SARS-CoV-2 neutralizing antibody, anti-nucleocapsid IgG, and anti-spike IgG) of the 
Sinopharm (BBIBP-CorV) vaccine among people with MS (PwMS) receiving different disease-modifying therapies 
(DMTs).

Methods  This prospective cohort study was conducted between November 2021 and May 2022. PwMS were 
followed for six months after the 2nd dose of vaccination. Antibody responses were measured 2–16 weeks after the 
2nd dose injection. Multivariate logistic regression was employed to assess the impact of each DMT on dichotomous 
antibody responses, adjusting for age, sex, MS phenotype, expanded disability status scale, disease duration, and 
vaccination-antibody titration interval.

Results  Among the 261 screened PwMS, 209 (aged 38.23 ± 9.73 years, female: 70.8%; relapsing-remitting MS: 80.4%) 
were included. The frequencies of experiencing non-serious AEs and post-vaccination MS activity were 66.0% and 
4.8%, respectively. Breakthrough COVID-19 infection was observed in 14.8% of the PwMS. A subcohort of 125 PwMS 
was assessed for antibody responses. Positive neutralizing antibodies, anti-nucleocapsid IgG, and anti-spike IgG were 
detected in 36.8%, 35.2%, and 52.0% of the PwMS, respectively. Multivariate regression indicated a 96% (OR: 0.04 [95% 
CI: 0.00, 0.51], P = 0.013), 93% (OR: 0.07 [0.01, 0.64], P = 0.019), and 89% (OR: 0.11 [0.01, 0.96], P = 0.045) reduced odds of 
positive neutralizing antibody, anti-nucleocapsid IgG, and anti-spike IgG, respectively, among fingolimod-receivers. 
Additionally, anti-CD20s-receivers had 88% (OR: 0.12 [0.02, 0.85], P = 0.034) lower odds of being positive for anti-
nucleocapsid IgG.
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Introduction
Multiple sclerosis (MS) is a multifactorial chronic inflam-
matory autoimmune disease of the central nervous 
system (CNS) that is mediated by both the innate and 
adaptive immune systems [1]. According to the most 
recent version of the Multiple Sclerosis International 
Federation’s Atlas of MS, based on a 2020 global study, 
2.8 million people worldwide have MS [2].

The worldwide pandemic of coronavirus disease 2019 
(COVID-19) caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) has claimed millions 
of lives (WHO Coronavirus Dashboard, accessed: https://
covid19.who.int/). A recent meta-analysis estimated that 
among people with MS (PwMS), the prevalence of sus-
pected COVID-19 is 4% [3]. Furthermore, the preva-
lence of hospitalization and death following COVID-19 
infection among this group is estimated to be 10% and 
4%, respectively [3]. Although after the Omicron vari-
ant, the number of worldwide daily cases of COVID-19 
declined in the third year of the pandemic and it seems 
that SARS-CoV-2 will move toward endemicity, it will 
remain a potential seasonal risk for immunosuppressed 
individuals such as PwMS [4, 5]. Hence, all PwMS for 
whom there are no other contraindications are recom-
mended to receive and stay up to date with approved 
SARS-CoV-2 vaccines [5, 6]. Additionally, the Centers 
for Disease Control and Prevention (CDC) recommends 
that individuals who are moderately or severely immuno-
compromised, including PwMS, might require additional 
doses of updated SARS-CoV-2 vaccines [6, 7].

While vaccination is crucial for preventing infection in 
PwMS, there are unique considerations for this popula-
tion compared to the general population, both in terms 
of disease risk and vaccine response. First, PwMS are 
more likely to contract specific bacterial and viral infec-
tions [5]. Second, these infections might be associated 
with a greater risk of relapses or pseudo-relapses [5]. 
Third, some disease-modifying therapies (DMTs) fre-
quently described in PwMS, including anti-CD20 thera-
pies (e.g., rituximab and ocrelizumab), are suggested to 
increase the risk of infection-related hospitalization and 
mortality [5]. Moreover, some DMTs, such as anti-CD20s 
or sphingosine-1-phosphate receptor (S1P) modulators 
(e.g., fingolimod), may decrease SARS-CoV-2 vaccine-
induced immunity [5, 8]. On the other hand, other DMTs 
(e.g., interferon [IFN]-β and teriflunomide) might exert 

antiviral effects by preventing excessive host immune 
responses [5].

Recent studies have evaluated the safety and efficacy of 
SARS-CoV-2 vaccines among PwMS [9–13]. However, it 
is crucial to bear in mind that the safety and efficacy data 
of vaccines can differ across various vaccine platforms, 
DMTs, and diverse populations [5, 14]. Thus, to better 
understand how different DMTs affect vaccine response 
and guide individualized vaccination strategies, there is 
still a strong need to continue reporting data on clinical 
and immunological efficacy, as well as the safety profile 
of SARS-CoV-2 vaccines among PwMS across different 
DMTs [15]. The existing scientific literature on the safety 
and efficacy of SARS-CoV-2 vaccines among PwMS from 
Middle Eastern countries is notably limited. Further-
more, specific studies on the safety and efficacy of SARS-
CoV-2 vaccines such as the Sinopharm (BBIBP-CorV) 
vaccine for PwMS are scarce [16]. Therefore, this study 
investigated the clinical effectiveness, vaccine-induced 
antibody (Ab) response (humoral immunogenicity), and 
safety of the Sinopharm (BBIBP-CorV) vaccine in Iranian 
PwMS receiving different DMTs.

Materials and methods
Study design and ethics statement
This prospective cohort study is reported in accor-
dance with the guidelines issued by the Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) [17] (Supplemental Table 1). The study was 
conducted between November 2021 and May 2022 at 
an academic hospital complex affiliated with the Tehran 
University of Medical Sciences, Tehran, Iran, and was 
approved by the local Institutional Review Board (IR.
TUMS.IKHC.REC.1400.322). The study endpoint was 
six months after receiving the 2nd dose of the vaccine. 
Patient anonymity was carefully protected, and partici-
pants provided verbal and written informed consent for 
participation and publication according to the Declara-
tion of Helsinki [18].

At the time of this study, the dominant SARS-CoV-2 
variant in Iran was the Delta variant [19, 20]. Having 
been vaccinated, patients were prospectively followed up 
on their routine visit schedule for up to six months after 
receiving the 2nd dose. Additionally, at 2 to 16 weeks 
after the 2nd dose injection, blood samples were taken 
from the patients to measure the levels of SARS-CoV-2 
neutralizing Ab, SARS-CoV-2 anti-nucleocapsid IgG, and 

Conclusions  BBIBP-CorV appeared to be well tolerated in PwMS, with promising clinical efficacy. However, a 
suboptimal humoral response was observed in PwMS receiving fingolimod and anti-CD20s. Future research should 
investigate the relationship between humoral responses and the frequency and severity of COVID-19 infection across 
various DMTs.
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SARS-CoV-2 anti-spike IgG. Possible serious adverse 
events (AEs) following vaccination, as well as the symp-
toms of possible relapse or pseudo-relapse (transient 
worsening), were explained to the patients, and they were 
instructed to visit the hospital sooner if they experienced 
these symptoms. In the case of any symptoms of relapse 
or pseudo-relapse, thorough medical examination and 
neuroimaging studies (as appropriate) were performed 
by a skilled neurologist. This approach aimed to confirm 
the diagnosis, differentiate between a true relapse and a 
pseudo-relapse, and distinguish between an exacerba-
tion and the natural progression of the disease in patients 
with progressive MS.

Study population
Using consecutive sampling, this study enrolled indi-
viduals with MS confirmed by a neurologist using the 
McDonald criteria 2017 [21]. The participants were aged 
16 to 65 years. Both newly diagnosed individuals and 
individuals with established MS were eligible regardless 
of their disease course. All participants received at least 
one dose of the Sinopharm (BBIBP-CorV) SARS-CoV-2 
vaccine and attended the clinic between November 2021 
and May 2022. They were actively followed up with at 
least two clinic visits in the year before vaccination and 
six months after vaccination. Finally, participants were 
willing to participate and provided written and verbal 
informed consent.

To ensure accurate and generalizable results, the study 
excluded the following groups: (a) pregnant or lactating 
women due to maternal immune system changes associ-
ated with pregnancy, as well as the effects of pregnancy 
on the clinical course of MS [22]; (b) individuals with 
other neurological or psychological diagnoses, such as 
neuromyelitis optica, optic neuritis, transverse myelitis, 
acute disseminated encephalomyelitis, myasthenia gra-
vis, conversion, seizure, and neurodegenerative diseases; 
(c) individuals experiencing unstable medical conditions 
(excluding MS relapse or transient worsening), defined 
as changes in the medication type, medication dose, or 
disease severity within the past three months; (d) indi-
viduals with recent changes in DMTs; and (e) those who 
experienced “rebound syndrome” after cessation of medi-
cations such as fingolimod or natalizumab [23]. Finally, 
(f ) immunocompromised individuals with malignancies, 
organ transplants, or inflammatory rheumatic diseases 
were excluded because studies suggest that their vaccine 
efficacy and immunogenicity may be diminished [5].

Study objectives
This study has two efficacy objectives:

1.	 The clinical efficacy of the BBIBP-CorV vaccine, 
which was defined as the prevention of confirmed 

COVID-19 of any severity ≥ 7 days after the 1st or 
2nd dose of vaccination. The 7-day duration was 
chosen according to previous literature and the 
incubation period of SARS-CoV-2 [24, 25].

2.	 Humoral immunogenicity induced by the 
BBIBP-CorV vaccine, as assessed by the levels of 
SARS-CoV-2 neutralizing Ab, SARS-CoV-2 anti-
nucleocapsid IgG, and SARS-CoV-2 anti-spike IgG 
at least 14 days after the 2nd dose injection. We 
compared the level of vaccine-induced Ab response 
(humoral immunogenicity) between patients 
receiving different DMTs and those not receiving 
any DMTs. Further analysis explored differences in 
immunogenicity across different DMT types.

There are two safety objectives of this study:

1.	 The BBIBP-CorV vaccine solicited and unsolicited 
serious and non-serious AEs.

2.	 Post-BBIBP-CorV-vaccination MS activity, defined as 
new onset or clinical relapse/exacerbation of MS ≤ 6 
weeks (typical time frame) or 6–12 weeks (plausible 
but not typical time frame) following vaccination, 
provided that the patient was not infected with 
COVID-19 during this interval. We selected 6 weeks 
and 6–12 weeks based on the suggested criteria 
for labeling causality in neurological AEs following 
immunization [26, 27].

Study measures and definition of terms
The following independent variables were collected: (a) 
patients’ baseline characteristics (age, sex, past medical 
history, and habitual history), (b) MS-related character-
istics (MS phenotype, age of disease onset, disease dura-
tion, expanded disability status scale [EDSS], and DMT 
type), (c) COVID-19-related characteristics (history of 
confirmed/suspected COVID-19 infection prior to vacci-
nation and severity of disease), and (d) SARS-CoV-2 vac-
cine-related characteristics (type and dose of the vaccine, 
date of receiving each vaccine).

The prospectively assessed outcome variables included 
(a) SARS-CoV-2 vaccine safety-related characteris-
tics (AEs and new MS onset or MS relapse/exacer-
bation ≤ 6–12 weeks following vaccination) and (b) 
SARS-CoV-2 vaccine clinical and immunological effi-
cacy-related characteristics (being afflicted with COVID-
19 at least 7 days after receiving the 1st or 2nd dose of 
vaccine, and the level of vaccine-induced Ab response at 
least 14 days after receiving the 2nd dose).

A definite history of COVID-19 was defined as a posi-
tive microbiological test or physician diagnosis based on 
a compatible clinical/imaging presentation in the context 
of an exposure risk in circumstances where testing was 
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not available. Self-reported symptoms of new-onset fever 
and/or respiratory symptoms, such as cough, dyspnea, 
sore throat, rhinorrhea, nasal congestion, smell, or taste 
disturbances, myalgias, diarrhea, etc., were considered to 
indicate a history of suspected COVID-19 [28]. COVID-
19 severity was classified as asymptomatic, mild, mod-
erate, severe, or critically ill according to the National 
Institute of Health guidelines [28]. Non-serious AEs after 
vaccination were defined as injection site reactions, fever, 
fatigue, headaches, chills, muscle pain, joint pain, dizzi-
ness, diarrhea, nausea, vomiting, etc. Serious AEs were 
defined as anaphylaxis, thrombosis with thrombocyto-
penia syndrome, Guillain‒Barré syndrome, myocardi-
tis, pericarditis, and events requiring hospital admission 
(except for MS activity, which was separately evaluated) 
[29]. COVID-19 after the 1st or 2nd dose of vaccination 
was confirmed by polymerase chain reaction (PCR) and 
physician diagnosis. Acute MS relapse was defined as a 
monophasic clinical episode with patient-reported symp-
toms and objective neurologic findings attributed to focal 
or multifocal CNS inflammatory demyelinating events 
that developed acute or subacute and lasted at least 24 h, 
with or without recovery, and in the absence of fever or 
infection [21]. Notably, paroxysmal or fleeting symp-
toms, as well as pseudo-relapses -defined as a temporary 
worsening of existing MS symptoms caused by increased 
body temperature, underlying infection, metabolic dis-
turbance, or medical illness- were considered a lack of 
relapse [30].

Immune response metrics
The antigenic targets most examined in clinical set-
tings are those targeting the spike (S) protein, the recep-
tor binding domain (RBD) of the spike protein, and the 
nucleocapsid (N) core [31]. The presence of any of these 
antigens may lead to the development of IgM, IgA, or IgG 
isotypes [31]. Current evidence, based on vaccine efficacy 
trials, suggests that the quantitative titers of anti-spike 
IgG, anti-RBD IgG, and SARS-CoV-2 neutralizing Ab 
tests all correlate with protection against symptomatic 
infection, with neutralizing antibodies having the stron-
gest correlation [32, 33]. Nevertheless, there is currently 
no specific Ab test or threshold to definitely estimate a 
person’s risk of contracting a subsequent infection [31]. 
In this study, we evaluated the production of SARS-
CoV-2 neutralizing Ab, SARS-CoV-2 anti-nucleocapsid 
IgG, and SARS-CoV-2 anti-spike IgG, 2–16 weeks after 
the 2nd dose of SARS-CoV-2 vaccination.

SARS-CoV-2 neutralizing ab  This test is used to measure 
the level of neutralizing Abs in people who have recov-
ered from COVID-19 or in people vaccinated with the 
SARS-CoV-2 vaccine [31]. Notably, neutralizing Ab levels 
are strongly predictive of immune protection and vaccine 

efficacy [34]. In our center, the cutoff for a positive SARS-
CoV-2 neutralizing Ab was ≥ 2.5 µg/ml (© PISHTAZTEB 
DIAGNOSTICS).

SARS-CoV-2 anti-nucleocapsid IgG  This test is used to 
assess the presence of IgG Abs against the SARS-CoV-2 
nucleocapsid core [31]. Values higher than 1.1 were con-
sidered seropositive, and values lower than 0.9 were con-
sidered seronegative. Values between 0.9 and 1.1 were 
considered suspicious (© PISHTAZTEB DIAGNOSTICS).

SARS-CoV-2 anti-spike IgG  This test is used to measure 
the level of IgG Abs against the spike antigen of SARS-
CoV-2 [31]. A cutoff level of ≥ 8 RU/ml was considered a 
positive result (© PISHTAZTEB DIAGNOSTICS).

Statistical analysis
Descriptive statistics are reported as the mean ± stan-
dard deviation (SD) and median (interquartile range 
[IQR]) for symmetric and asymmetric numeric vari-
ables, respectively. Categorical variables are expressed as 
frequencies (percentages). Multivariate logistic regres-
sion was employed to assess the impact of each DMT 
on dichotomous Ab responses. The model was adjusted 
for covariates, including age, sex, MS phenotype, EDSS 
score, disease duration, and the interval between vac-
cination and Ab titration. Comparative analyses of vari-
able distributions, such as age, EDSS score, age of disease 
onset, and disease duration, were conducted between 
patients with negative and positive levels of neutraliz-
ing Ab, anti-nucleocapsid IgG, and anti-spike IgG using 
bar plots. Additionally, comparisons of neutralizing Ab, 
anti-nucleocapsid IgG, and anti-spike IgG levels were 
performed according to sex, MS phenotype, DMT use, 
and specific types of DMTs, and the results are presented 
in bar plots. The relationships between the levels of neu-
tralizing Ab, anti-nucleocapsid IgG, and anti-spike IgG 
and numeric variables were explored using the locally 
weighted least squares regression (loess) method. All 
analyses were conducted using R (version 4.3.2), and 
p-values less than 0.05 were considered to indicate sta-
tistical significance. No imputation was performed for 
missing data.

Results
Baseline characteristics of the study participants
Figure  1 illustrates the flow diagram of the study par-
ticipants. Among the 261 PwMS who were screened 
during the study period, 52 were excluded for the follow-
ing reasons: pregnancy or lactation (n = 6), presence of 
comorbid neuropsychological conditions (n = 9), immu-
nocompromised status (n = 7), any unstable medical con-
dition (n = 11), changes in DMT less than three months 
before enrollment (n = 16), or presence of rebound 
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syndrome (n = 3). Therefore, a total of 209 PwMS (mean 
age: 38.23 ± 9.73 years, female: 70.8%) were included. To 
assess vaccine-induced humoral immunogenicity, three 
groups of patients were further excluded from the pri-
mary cohort: patients with a definite or suspected his-
tory of COVID-19 (n = 71), those who did not undergo 
blood testing (n = 7), and those who were afflicted with 
COVID-19 during the interval between vaccination and 

Ab titration (n = 6). Subsequently, a subcohort of 125 
patients (mean age: 38.90 ± 9.04 years, female: 68.8%) 
was analyzed for Ab assessments (the immunogenicity 
subcohort).

Table  1 presents the baseline demographic, clinical, 
MS-related, and COVID-19-related characteristics of 
the study participants in the total cohort (N = 209) and 
the immunogenicity subcohort (N = 125). Most of the 

Fig. 1  The flow diagram of the study participants
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patients (80.4%) had relapsing-remitting MS (RRMS), 
with a mean disease duration of 8.57 ± 7.13 years and a 
mean EDSS of 1.85 ± 1.87. Of the 209 PwMS, 195 (93.3%) 
were on DMTs. IFN-β (26.3%), rituximab (21.5%), and 
fingolimod (17.7%) were the most frequently described 
DMTs. A similar pattern was observed in the immu-
nogenicity subcohort. Notably, 71 (34.0%) patients 
had a suspected/definite history of COVID-19 prior to 

vaccination, with the majority experiencing mild symp-
toms (71.8%).

BBIBP-CorV vaccine safety: adverse events and post-
vaccination MS activity
As shown in Tables 2 and 138 (66.0%) individuals expe-
rienced at least one non-serious AE, with fever (20.6%), 
injection site pain (17.2%), fatigue (16.3%), and headaches 
(16.3%) being the most frequently reported AEs. None 

Table 1  Participant characteristics in the total cohort and the immunogenicity subcohort
Variable Level Total cohort

(N = 209)
Immunogenicity Subcohort (N = 125)

Baseline demographic and clinical characteristics
Age (year) - 38.23 ± 9.73 38.90 ± 9.04
Sex (Female, %) - 148 (70.8) 86 (68.8)
PMH negative 164 (78.5) 103 (82.4)

thyroid disorder 13 (6.2) 7 (5.6)
CVDRFs † 14 (6.7) 5 (4.0)
migraine 3 (1.4) 2 (1.6)
asthma 2 (1.0) 2 (1.6)
other 14 (6.7) 6 (4.8)

Habitual history negative 177 (84.7) 108 (86.4)
smoking 20 (9.6) 10 (8.0)
alcohol 7 (3.3) 1 (0.8)
hookah 11 (5.3) 6 (4.8)

MS-related characteristics
MS phenotype RRMS 168 (80.4) 98 (78.4)

SPMS 23 (11.0) 15 (12.0)
PPMS 18 (8.6) 12 (9.6)

Age of disease onset (y/o) - 29.73 ± 8.82 30.62 ± 8.90
Disease duration (year) - 8.57 ± 7.13 8.32 ± 6.40
EDSS - 1.85 ± 1.87 2.00 ± 1.91
Disease-modifying therapies Not receiving DMT 14 (6.7) 8 (6.4)

Rituximab 45 (21.5) 30 (24.0)
Fingolimod 37 (17.7) 21 (16.8)
Dimethyl fumarate 26 (12.4) 16 (12.8)
Natalizumab 8 (3.8) 5 (4.0)
Ocrelizumab 1 (0.5) 1 (0.8)
IFN-β − 1a 40 (19.1) 23 (18.4)
IFN-β − 1b 15 (7.2) 8 (6.4)
Glatiramer acetate 20 (9.6) 12 (9.6)
Teriflunomide 3 (1.4) 1 (0.8)

COVID-19 related characteristics
COVID-19 before vaccination definite 38 (18.2) N/A

suspected 33 (15.8) N/A
COVID-19 severity (n = 71) asymptomatic 3 (4.2) N/A

mild 51 (71.8) N/A
moderate 12 (16.9) N/A
severe 4 (5.6) N/A
critically ill 1 (1.4) N/A

Note: The frequency (%) was used to describe categorical data. Symmetric numeric data are summarized as the mean ± standard deviation (SD). Abbreviations: COVID-
19: coronavirus disease 2019; CVDRF: cardiovascular disease risk factor; DMT: disease-modifying therapy; EDSS: expanded disability status scale; IFN: interferon; IQR: 
interquartile range; MS: multiple sclerosis; PMH: past medical history; PPMS: primary progressive multiple sclerosis; RRMS: relapsing-remitting multiple sclerosis; 
SPMS: secondary progressive multiple sclerosis; y/o: years old
† Cardiovascular disease risk factors were defined as diabetes mellitus, hypertension, and dyslipidemia
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of the patients experienced any serious AEs. Within 12 
weeks of vaccination, 14 individuals (6.7%) experienced 
MS activity, of whom 10 (4.8%) had symptoms initiated 
in less than six weeks. Among them, three individuals 
developed new-onset RRMS (1.4%), while seven (3.3%) 
experienced clinical relapses of RRMS. The individual 
characteristics of patients with post-vaccination MS 
activity are provided in Supplemental Table 2.

BBIBP-CorV vaccine clinical efficacy: COVID-19 infection 
after vaccination
As displayed in Table 3, a total of 31 individuals (14.8%) 
were infected (or re-infected) with COVID-19 after being 
vaccinated, with the majority being asymptomatic or 
experiencing only mild symptoms. Supplemental Table 3 
presents individual patient data for those who developed 
COVID-19 after vaccination, including details on their 
antibody response development.

Table 2  BBIBP-CorV vaccine adverse events and post-vaccination MS activity
Variable Level Total cohort (N = 209)
Non-serious adverse events† yes 138 (66.0)

fever (< 40°c) 43 (20.6)
injection site pain 36 (17.2)
fatigue/malaise 34 (16.3)
headache 34 (16.3)
myalgia 24 (11.5)
chill 17 (8.1)
anorexia 8 (3.8)
nausea/vomiting 7 (3.4)
arthralgia 4 (1.9)
dizziness 4 (1.9)
vertigo 3 (1.4)
nasal congestion/sore throat 2 (1.0)

Serious adverse events‡ yes 0
MS activity ≤ 12 w of vaccination yes 14 (6.7)

between V1 and V2 3 (1.4)
after V2 11 (5.3)
< 6 weeks 10 (4.8)
6–12 weeks 4 (1.9)

Note: The frequency (%) was used to describe categorical data. Abbreviations: MS: multiple sclerosis; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; 
V1: 1st dose of vaccine; V2: 2nd dose of vaccine

† Each participant might have reported multiple adverse events following vaccination

‡ Serious adverse events were defined as anaphylaxis, thrombosis with thrombocytopenia syndrome, Guillain–Barré syndrome, myocarditis, pericarditis, and events 
requiring hospital admission (except for MS disease activity, which was separately evaluated)

Table 3  Clinical efficacy of the BBIBP-CorV vaccine and vaccine-induced humoral immunogenicity
Variable Total cohort (N = 209)
Post-vaccination COVID-19 infection yes 31 (14.8)

between V1 and V2 5 (2.4)
after V2 26 (12.4)

Severity of post-vaccination COVID-19 infection asymptomatic 2 (1.0)
mild 26 (12.4)
moderate 3 (1.4)
severe/critically ill 0 (0)

Vaccine-induced humoral immunogenicity Immunogenicity Subcohort (N = 125)
Neutralizing Ab positive 46 (36.8)

negative 79 (63.2)
Anti-nucleocapsid IgG positive 44 (35.2)

negative 78 (62.4)
suspected 3 (2.4)

Anti-spike IgG positive 65 (52.0)
negative 60 (48.0)

Note: The frequency (%) was used to describe categorical data. Abbreviations: Ab: antibody; COVID-19: coronavirus disease 2019; IgG: immunoglobulin G; SARS-CoV-2: 
severe acute respiratory syndrome coronavirus 2; V1: 1st dose of vaccine; V2: 2nd dose of vaccine
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BBIBP-CorV vaccine-induced humoral immunogenicity: 
antibody responses
Ab responses were evaluated in a subcohort of 125 
PwMS, of whom 46 (36.8%), 44 (35.2%), and 65 (52.0%) 
were seropositive for SARS-CoV-2 neutralizing Ab, 
anti-nucleocapsid IgG, and anti-spike IgG, respectively 
(Table 3).

Figure 2 displays the mean Ab levels across various lev-
els of numeric study variables (age, EDSS score, age of 
MS onset, and disease duration). Figure 3 compares the 
Ab levels according to categorical study variables (sex, 
MS phenotype, DMT usage, and specific DMT types). 
To assess the association between DMTs and vaccine-
induced humoral immunogenicity, Ab responses were 
compared between DMT receivers (n = 117) and non-
receivers (n = 8), as well as between those receiving 
separate types of DMTs, including anti-CD20s (n = 31), 
fingolimod (n = 21), dimethyl fumarate (n = 16), natali-
zumab (n = 5), IFN-β (n = 31), glatiramer acetate (n = 12), 
and teriflunomide (n = 1).

SARS-CoV-2 neutralizing ab  Patients who were positive 
for neutralizing Ab had significantly lower EDSS scores 
than their counterparts (Fig. 2A. B). Neutralizing Ab lev-
els were significantly greater in patients with RRMS than 
in those with PPMS (Fig. 3A. B). The highest levels of neu-
tralizing Ab were observed in patients receiving terifluno-
mide, glatiramer acetate, dimethyl fumarate, and IFN-β, 
while the lowest levels were attributed to natalizumab, 
anti-CD20s, and fingolimod (Fig. 3A. D). Patients on anti-
CD20s, as well as those on fingolimod and natalizumab, 
exhibited significantly lower neutralizing Ab levels than 
those on IFN-β, dimethyl fumarate, and glatiramer ace-
tate (Fig. 3A. D).

SARS-CoC-2 anti-nucleocapsid IgG  The highest level of 
anti-nucleocapsid IgG was observed in DMT-non-receiv-
ers, as well as in patients receiving glatiramer acetate, 
dimethyl fumarate, and IFN-β, while the lowest levels 
were attributed to fingolimod and anti-CD20s (Fig.  3B. 
D). DMT receivers had lower anti-nucleocapsid IgG lev-
els than those who did not receive DMTs (Fig. 3B. C). In 
particular, patients on anti-CD20s, as well as those on 
fingolimod, showed a reduced Ab response, compared to 
DMT-non-receivers, as well as IFN-β, dimethyl fumarate, 
and glatiramer acetate-receivers (Fig. 3B. D).

SARS-CoV-2 anti-spike IgG  Compared to their counter-
parts, patients with positive anti-spike IgG had consider-
ably lower EDSS scores (Fig. 2C. B). Additionally, patients 
with RRMS had significantly higher levels of anti-spike 
IgG than those with PPMS (Fig. 3C. B). Patients receiving 
anti-CD20s, as well as those receiving fingolimod, showed 
a dampened Ab response compared to patients receiving 

IFN-β, dimethyl fumarate, and glatiramer acetate (Fig. 3C. 
D).

Correlations between ab levels and demographic and 
clinical characteristics in patients
Figure 4 shows the relationships between neutralizing Ab, 
anti-nucleocapsid IgG, and anti-spike IgG and numeric 
study variables. Accordingly, in patients who were posi-
tive for neutralizing Abs, older age (at vaccination) and 
older age at disease onset were significantly correlated 
with higher Ab levels. Additionally, a strong correlation 
was observed between positive anti-nucleocapsid IgG 
and disease duration, indicating that in individuals with a 
shorter duration of disease onset (at the time of vaccina-
tion), the concentration of this Ab was reduced.

Factors affecting vaccine-induced humoral 
immunogenicity and the impact of DMTs
The unadjusted impact of variables on the development 
of positive Ab responses is shown in Supplemental Table 
4. Accordingly, being female was associated with greater 
odds of having positive anti-nucleocapsid IgG (OR: 2.64; 
95% CI: [1.15, 6.51], P = 0.027). Additionally, as the EDSS 
score increased, the odds of neutralizing antibody posi-
tivity and anti-spike IgG positivity significantly decreased 
(OR: 0.74 [0.59, 0.92], P = 0.10, and 0.82 [0.67, 0.99], 
P = 0.039, respectively). Anti-CD20s and fingolimod were 
associated with significantly lower odds of positive anti-
nucleocapsid IgG (OR: 0.14 [0.02, 0.74], P = 0.024; OR: 
0.10 [0.01, 0.60], P = 0.016, respectively).

Table  4 shows the adjusted impact of various DMT 
types on the development of positive Ab responses. 
After adjusting for age, sex, MS phenotype, EDSS score, 
disease duration, and vaccination-Ab titration inter-
val, fingolimod-receivers had 96% (OR: 0.04 [0.00, 0.51], 
P = 0.013), 93% (OR: 0.07 [0.01, 0.64], P = 0.019), and 89% 
(OR: 0.11 [0.01, 0.96], P = 0.045) lower odds of positive 
neutralizing Ab, anti-nucleocapsid IgG, and anti-spike 
IgG than DMT-non-receivers, respectively. Additionally, 
individuals who received anti-CD20s had 88% (OR: 0.12 
[0.02, 0.85], P = 0.034) lower odds of having positive anti-
nucleocapsid IgG than those who did not receive DMTs.

Discussion
In this prospective study, we assessed the safety, clini-
cal effectiveness, and humoral immunogenicity of the 
Sinopharm (BBIBP-CorV) SARS-CoV-2 vaccine in 
PwMS. The participants were predominantly female, in 
their 40s, and had a relapsing-remitting disease course. 
Approximately 66% of PwMS reported at least one non-
serious AE post-vaccination. There were no serious AEs 
reported. The incidence of post-vaccination MS activity 
within 6 weeks was 4.8%. Approximately 15% of partici-
pants contracted a COVID-19 infection after vaccination, 
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Fig. 2  Comparisons of variable distributions, including age, EDSS score, age of disease onset, and disease duration, between patients with negative and 
positive levels of SARS-CoV-2 (A) neutralizing Ab, (B) anti-nucleocapsid IgG, and (C) anti-spike IgG. Abbreviations: Ab: antibody; EDSS: expanded disability 
status scale; IgG: immunoglobulin G; ns: nonsignificant; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2. *P value < 0.05. **P value < 0.01. ***P 
value < 0.001. ****P value < 0.0001

 



Page 10 of 15Jameie et al. BMC Neurology          (2024) 24:291 

Fig. 3 (See legend on next page.)

 



Page 11 of 15Jameie et al. BMC Neurology          (2024) 24:291 

with the majority exhibiting asymptomatic or mild 
symptoms.

Approximately one-third of the PwMS tested positive 
for SARS-CoV-2 neutralizing Abs and anti-nucleocapsid 
IgG. Positive anti-spike IgG was detected in nearly half of 
the participants. Patients receiving fingolimod and anti-
CD20s exhibited significantly lower levels of neutralizing 
Ab, anti-nucleocapsid IgG, and anti-spike IgG compared 
to those receiving IFN-β, glatiramer acetate, and dimethyl 
fumarate. Furthermore, those administered natalizumab 
demonstrated a reduced level of neutralizing Abs. Com-
pared to those not receiving DMT and after accounting 
for potential confounders, individuals treated with fingo-
limod exhibited 96%, 93%, and 89% lower odds of devel-
oping positive neutralizing antibodies, anti-nucleocapsid 
IgG, and anti-spike IgG, respectively. Similarly, those 
administered anti-CD20s showed an 88% decrease in the 
likelihood of developing positive anti-nucleocapsid IgG. 
Notably, individuals who were administered dimethyl 
fumarate exhibited a favorable Ab response comparable 
to that of individuals receiving classical immunomodula-
tors such as glatiramer acetate and IFN-β.

SARS-CoV-2 vaccine safety profile in PwMS: AEs and post-
vaccination MS activity
In general, the present study mirrored the findings of 
previous studies on the safety of SARS-CoV-2 vaccines in 
PwMS [10, 11], with fever and injection site pain being 
the most common AEs. Additionally, consistent with pre-
vious studies, no patient experienced serious AEs [10, 
11]. During the study, 4.8% of our patients experienced 
post-vaccination MS activity, including new onset (1.4%) 
or clinical relapse of the disease (3.3%). However, a recent 
meta-analysis, which included 23,088 doses of SARS-
CoV-2 vaccines administered to 14,755 PwMS, reported 
a lower relapse proportion of 1.9% at an average time 
interval of 20 days post-vaccination [35]. The authors 
also indicated that the risk of relapse was not dependent 
on the type of SARS-CoV-2 vaccine administered [35]. 
The higher rate observed in our study could be ascribed 
to several reasons, such as the inclusion of patients with 
new-onset disease, the fact that the study was conducted 
at a single referral center, and the longer interval between 
vaccination and MS activity in our study (up to 6 weeks 
vs. 20 days). However, it is important to note that the 
estimated annual relapse rates in PwMS range between 
0.3 and 1.7 per year [36], suggesting no “excess” risk of 

a neuroimmunological response induced by the vaccine 
[37]. Taken together, these findings indicate that the Sin-
opharm (BBIBP-CorV) SARS-CoV-2 inactivated virus 
vaccine is generally well tolerated by PwMS.

SARS-CoV-2 vaccine clinical efficacy in PwMS: 
breakthrough COVID-19 infection after vaccination
In our study, nearly 15% of vaccinated PwMS contracted a 
COVID-19 infection within six months post-vaccination. 
Consistently, a large study conducted among the general 
population reported a 10.3% infection rate between five 
to six months after vaccination, and this rate increased to 
15.5% after more than six months [38]. However, the risk 
of contracting COVID-19 among vaccinated PwMS may 
differ from that among the general population due to sev-
eral factors, including the MS treatment they are receiv-
ing. A prospective study among ocrelizumab-treated 
PwMS who received mRNA vaccines reported a low 
protection rate; 32 out of 54 patients (59.3%) developed 
a positive SARS-CoV-2 ​PCR test during the one-year 
follow-up of the study [39]. On the other hand, another 
large study among vaccinated PwMS revealed a consid-
erably low rate of breakthrough COVID-19 infection; 
after a median follow-up of eight months, only 137 out 
of 19,641 vaccinated PwMS contracted the infection [40]. 
Therefore, while the risk of infection among the entire 
population of vaccinated PwMS may not be greater than 
that of the general population, patients on medications 
such as anti-CD20s or fingolimod may have a greater 
need for re-immunization.

SARS-CoV-2 vaccine-induced humoral immunogenicity in 
PwMS and the effect of DMTs
Cellular and humoral immune responses are of high 
importance following SARS-CoV-2 vaccination in PwMS 
on DMTs [8, 12, 13, 41]. Our findings regarding the 
humoral response following SARS-CoV-2 vaccination 
are consistent with those of previous studies [8, 11–13, 
16, 42]. A retrospective monocentric study reported 
lower median anti-spike Ab titers in anti-CD20- and 
fingolimod-treated PwMS than in those receiving other 
DMTs [42]. Additionally, Capone et al. reported that 
the level of IgG against SARS-CoV-2 nucleoprotein was 
significantly lower in patients treated with ocrelizumab 
and fingolimod [11]. It is worth noting that while these 
studies conducted a “quantitative” evaluation of Abs (as 
opposed to our study, which considered the “serological 

(See figure on previous page.)
Fig. 3  Comparison of SARS-CoV-2 (A) neutralizing Ab, (B) anti-nucleocapsid IgG, and (C) anti-spike IgG levels according to sex, MS phenotype, receiv-
ing DMTs, and the specific type of DMTs. Abbreviations: Ab: antibody; DMF: dimethyl fumarate; DMT: disease-modifying therapies; FG: fingolimod; GA: 
glatiramer acetate; IFN: interferon; MS: multiple sclerosis; ns: nonsignificant; NTM: natalizumab; OCR: ocrelizumab; PPMS: primary progressive multiple 
sclerosis; RRMS: relapsing-remitting multiple sclerosis; RTX: rituximab; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; SPMS: secondary 
progressive multiple sclerosis; TFM: teriflunomide. Note: The small sample sizes for certain treatments (e.g., natalizumab and teriflunomide) may limit the 
robustness of comparison of their immunogenicity. *P value < 0.05. **P value < 0.01. ***P value < 0.001. ****P value < 0.0001
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positivity rate as a “binary” outcome), the overall trends 
of their results were in line with ours. Consistently, in a 
meta-analysis of 48 studies, Xi Wu et al. demonstrated 
that patients on anti-CD20s and S1P modulators had 
attenuated serologic responses, as reflected in the rate of 
serological positivity, compared to those without DMTs 
[8]. Our finding regarding a favorable Ab response in 
patients receiving dimethyl fumarate also agrees with 
that of Krajnc et al., who reported a 100% seroconversion 

rate in patients receiving this treatment [43]. Further-
more, Maniscalco et al. indicated that treatment with 
dimethyl fumarate (similar to IFN-β-1a) was associated 
with an increased humoral response to a booster dose of 
the Pfizer–BioNTech (BNT162b2) vaccine [44].

Apostolidis et al. showed that spike-specific and 
RBD-specific Abs were significantly reduced in patients 
on anti-CD2s, although they found an “adequate cel-
lular” response to vaccination [12]. According to this 

Table 4  The adjusted impact of DMTs on SARS-CoV-2 neutralizing Ab, anti-nucleocapsid IgG, and anti-spike IgG
Variables Neutralizing Ab Anti-nucleocapsid IgG Anti-spike IgG

OR (95% CI) P OR (95% CI) P OR (95% CI) P
DMT
  None-receivers ref ---- ref ---- ref ----
  IFN-β 0.19 (0.02, 1.78) 0.146 0.31 (0.04, 2.37) 0.262 0.42 (0.06, 3.05) 0.388
  Dimethyl fumarate 0.49 (0.05, 5.29) 0.560 0.49 (0.05, 4.41) 0.525 1.07 (0.11, 10.08) 0.950
  Glatiramer acetate 1.03 (0.09, 11.92) 0.978 0.72 (0.07, 7.08) 0.780 1.24 (0.12, 12.29) 0.855
  Anti-CD20s 0.18 (0.02, 1.44) 0.106 0.12 (0.02, 0.85) 0.034 0.24 (0.04, 1.48) 0.123
  Fingolimod 0.04 (0.00, 0.51) 0.013 0.07 (0.01, 0.64) 0.019 0.11 (0.01, 0.96) 0.045
  Teriflunomide NA 1.000 NA 1.000 NA 1.000
  Natalizumab 0.00 (0.00, 0.00) 0.999 0.07 (0.00, 1.35) 0.079 0.51 (0.04, 6.84) 0.614
Note: Multivariate logistic regression was used to evaluate the impact of each DMT on dichotomous Ab responses. The model was adjusted for variables, including 
age, sex, MS phenotype, EDSS score, disease duration, and vaccination-Ab titration interval. Abbreviations: Antibody: Ab, CI: confidence interval; DMT: disease-
modifying therapies; IFN: interferon; IgG: immunoglobulin G; OR: odds ratio; P: probability value; ref: reference; SARS-CoV-2: severe acute respiratory syndrome 
coronavirus 2

Fig. 4  The relationships between the levels of SARS-CoV-2 neutralizing Ab, anti-nucleocapsid IgG, and anti-spike IgG and numeric variables were de-
termined using the Locally Weighted Least Squares Regression (loess) method. Abbreviations: Ab: antibody; EDSS: expanded disability status scale; IgG: 
immunoglobulin G; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2
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study, anti-CD20-treated PwMS who lacked anti-RBD 
Abs differed in immune response coordination. This 
was characterized by a significant decrease in vaccine-
induced circulating follicular helper T-cell responses, 
which occurred in parallel with increases in CD8+ T-cell 
responses [12]. Whether this cellular response can be 
considered “clinical protection” against COVID-19 
should be further investigated [12]. Interestingly, a study 
by Smith et al. among 1,439 PwMS revealed no correla-
tion between an increased risk of COVID-19 infection 
and any DMT type, although they reported that ritux-
imab was associated with an increased risk of “severe” 
disease [45]. Other studies have also shown that virus-
specific CD8+ T cells are crucial for the clearance of many 
viral infections, including COVID-19 [46, 47]. In brief, 
our findings align with the literature on other SARS-
CoV-2 vaccines, indicating that fingolimod and anti-
CD20s may independently predict a reduced humoral 
response. However, it is unclear whether this directly 
increases infection risk, given the significant role of the 
cellular immune system in preventing COVID-19. Con-
sequently, future research should explore the influence 
of DMTs, particularly immunosuppressives, on cellular 
immunity in PwMS. This would aid in the development 
of a personalized vaccination program for PwMS.

Limitations and strengths
The generalizability of this study may be influenced by 
several practical limitations. First, we did not have base-
line levels of Ab, which prevented us from using ‘sero-
conversion’ as a measure of humoral efficacy. Instead, we 
used ‘seropositivity’ as the outcome. However, to ensure a 
representative sample, we considered major confounding 
factors that could affect Ab levels by excluding patients 
with a definite or suspected history of COVID-19 before 
vaccination, as well as those who contracted COVID-19 
between vaccination and Ab titration. Second, we did 
not evaluate cellular immune responses to vaccination. 
Finally, the number of PwMS in each medication category 
was limited. This might reduce the statistical power, and 
some outcomes that could be significant may not reach 
statistical significance [48]. Of note, the small sample 
sizes for certain treatments (e.g., natalizumab and teriflu-
nomide) may limit the generalizability of our findings and 
the robustness of comparison of their immunogenicity.

Nonetheless, this study has multiple advantages. First, 
this study provides crucial insights into the safety and 
efficacy of the BBIBP-CorV vaccine in PwMS, a topic 
that is currently understudied, as most of the literature 
focuses on other vaccine platforms. Furthermore, as far 
as we are aware, there are limited studies examining the 
efficacy and safety of SARS-CoV-2 vaccines among Ira-
nian PwMS and the wider Middle Eastern region, adding 
valuable diversity to the literature. Finally, by utilizing a 

prospective cohort design, we minimized selection and 
information bias [49]. We also made diligent efforts to 
mitigate any potential bias typically associated with pro-
spective cohort studies, including confounding factors.

Conclusions and further directions
This study added to the understanding of SARS-CoV-2 
vaccine responses in PwMS, particularly in understud-
ied populations and with under-represented vaccine 
platforms like the Sinopharm vaccine. In summary, the 
BBIBP-CorV inactivated virus vaccine appears to be 
well tolerated in PwMS, with promising clinical efficacy. 
However, a suboptimal humoral response to BBIBP-CorV 
vaccination was observed in PwMS on certain DMTs, 
including anti-CD20s and fingolimod. Notably, not only 
patients receiving classical immunomodulatory DMTs 
but also those treated with dimethyl fumarate exhibited 
a favorable antibody response. To optimize individual 
vaccination strategies for PwMS, future research should 
investigate the relationship between humoral and cel-
lular responses and the frequency and severity of clini-
cal COVID-19 infection across various DMTs while also 
considering the effects of varying doses and platforms of 
SARS-CoV-2 vaccines.
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