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A B S T R A C T   

Background: COVID-19 vaccines are recommended for people with multiple sclerosis (pwMS). Adequate humoral 
responses are obtained in pwMS receiving disease-modifying therapies (DMTs) after vaccination, with the 
exception of those receiving B-cell-depleting therapies and non-selective S1P modulators. However, most of the 
reported studies on the immunity of COVID-19 vaccinations have included mRNA vaccines, and information on 
inactivated virus vaccine responses, long-term protectivity, and comparative studies with mRNA vaccines are 
very limited. Here, we aimed to investigate the association between humoral vaccine responses and COVID-19 
infection outcomes following mRNA and inactivated virus vaccines in a large national cohort of pwMS 
receiving DMTs. 
Methods: This is a cross-sectional and prospective multicenter study on COVID-19-vaccinated pwMS. Blood 
samples of pwMS with or without DMTs and healthy controls were collected after two doses of inactivated virus 
(Sinovac) or mRNA (Pfizer-BioNTech) vaccines. PwMS were sub-grouped according to the mode of action of the 
DMTs that they were receiving. SARS-CoV-2 IgG titers were evaluated by chemiluminescent microparticle 
immunoassay. A representative sample of this study cohort was followed up for a year. COVID-19 infection status 
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and clinical outcomes were compared between the mRNA and inactivated virus groups as well as among pwMS 
subgroups. 
Results: A total of 1484 pwMS (1387 treated, 97 untreated) and 185 healthy controls were included in the an-
alyses (male/female: 544/1125). Of those, 852 (51.05%) received BioNTech, and 817 (48.95%) received Sino-
vac. mRNA and inactivated virus vaccines result in similar seropositivity; however, the BioNTech vaccination 
group had significantly higher antibody titers (7.175±10.074) compared with the Sinovac vaccination group 
(823±1.774) (p<0.001). PwMS under ocrelizumab, fingolimod, and cladribine treatments had lower humoral 
responses compared with the healthy controls in both vaccine types. After a mean of 327±16 days, 246/704 
(34.9%) of pwMS who were contacted had COVID-19 infection, among whom 83% had asymptomatic or mild 
disease. There was no significant difference in infection rates of COVID-19 between participants vaccinated with 
BioNTech or Sinovac vaccines. Furthermore, regression analyses show that no association was found regarding 
age, sex, Expanded Disability Status Scale score (EDSS), the number of vaccination, DMT type, or humoral 
antibody responses with COVID-19 infection rate and disease severity, except BMI Body mass index (BMI). 
Conclusion: mRNA and inactivated virus vaccines had similar seropositivity; however, mRNA vaccines appeared 
to be more effective in producing SARS-CoV-2 IgG antibodies. B-cell-depleting therapies fingolimod and cla-
dribine were associated with attenuated antibody titer. mRNA and inactive virus vaccines had equal long-term 
protectivity against COVID-19 infection regardless of the antibody status.   

1. Introduction 

Coronavirus disease 2019 (COVID-19), caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2), has infected officially 
650 million confirmed cases and led to approximately 6.6 million deaths 
globally; the numbers are likely to be at least 2–3 times higher. The 
disease first emerged in December 2019, rapidly spread worldwide, and 
was declared as a global pandemic by the World Health Organization 
(WHO) in February 2020 (WHO coronavirus disease. https://www.who. 
int/director-general/speeches/detail/who-directorgeneral-s-openin 
g-remarks-at-the-media-briefingon-covid-19–11-march-2020). The 
development of COVID-19 vaccines has been heralded as a milestone in 
the management of this global pandemic. Several vaccine subtypes with 
different modes of action have been developed, aiming to promote an 
immune response against COVID-19 infection. Major vaccine ap-
proaches were inactivated vaccines, recombinant protein-based vac-
cines, non-replicated viral vector vaccines, replicated viral vector 
vaccines, and nucleic acid vaccines (Negahdaripour et al., 2020). The 
Multiple Sclerosis International Federation and MS experts have rec-
ommended that all people with multiple sclerosis (pwMS) be vaccinated 
against SARS-CoV-2, given that the risks of serious illness due to 
COVID-19 greatly outweigh the potential risks of the vaccines (Toscano 
et al., 2021). The introduction of COVID-19 vaccines has initially raised 
clinical concerns among some MS healthcare providers in that these 
vaccines may cause MS relapses or even induce MS development (Gus-
tavo C.R. et al., 2021). The exclusion of patients from the vaccine trials 
has also resulted in considerable vaccine hesitancy among pwMS. 
However, subsequent studies have confirmed that COVID-19 vaccina-
tion is safe for pwMS (A. Achiron et al., 2021a; Kelly et al., 2021; Brunn 
et al., 2022; Di Filippo et al., 2022) Concurrently with the vaccination 
program, a significant amount of studies leading to a better under-
standing of the immune responses associated with vaccines in pwMS 
have been published (Gombolay et al., 2022). Studies have revealed 
information on the humoral and later cellular immune responses ach-
ieved with these vaccines both in untreated and treated pwMS. The 
immune response to COVID-19 vaccines in untreated pwMS was found 
to be similar to that of healthy controls, and factors such as older age, 
comorbid conditions, and male sex were associated with reduced hu-
moral response (Wu et al., 2022). Regarding the association between 
COVID-19 vaccine responses and MS treatments, many studies have 
revealed that a reduced humoral response was elicited with B-cell-de-
pleting therapies and fingolimod, whereas a robust cellular response 
could be obtained with B-cell-depleting therapies but not with fingoli-
mod (Gadani et al., 2021; Sormani et al., 2021; Apostolidis et al., 2021). 
Most of these studies have also shown that the degree of response was 
closely correlated with the timing of vaccination in B-cell-depleting 
therapy infusions, as well as other immunosuppressive therapies such as 

alemtuzumab and cladribine (Rico et al., 2021; Drulovic et al., 2021). 
Since most of the related research has involved mRNA vaccines, infor-
mation on other types of vaccines, such as inactivated virus or adeno-
virus vector COVID-19 vaccines, remains limited (Etemadifar et al., 
2020). Some of the inactivated virus vaccine-related studies had either 
limited sample size or some methodological issues, such as the timing of 
sampling, necessitating larger and more standardized studies to address 
the efficacy of inactivated virus versus mRNA vaccines (Ozakbas et al., 
2022; Ghadiri et al., 2022). A few studies have investigated the associ-
ation between humoral vaccine responses and COVID-19 infection rate 
or COVID-19 infection outcome after vaccination. Here, to better clarify 
the comparative efficacy of mRNA versus inactivated virus vaccines, we 
included detailed demographical and clinical variables that may influ-
ence immune responses in a large national cohort consisting of treated 
and untreated pwMS with all available DMTs in Turkey, as well as 
healthy controls. In this cross-sectional national multicenter study, we 
examined humoral responses elicited with mRNA and inactivated vac-
cines, their protective effects against COVID-19 infection, and, if infec-
ted, the severity of the disease. 

2. Methods 

2.1. Study population and setting 

This cross-sectional study included data from 11 MS centers in 
Turkey. The study was initiated after the approval of the central ethics 
committee of Istanbul University-Cerrahpasa (10.09.2021-162329). 
Written informed consent was obtained from all participants. PwMS (N 
= 1484), who fulfilled the McDonald’s 2017 diagnostic criteria, were 
between 18 and 65 years of age, and had received either two doses of 
inactivated (Sinovac) or mRNA (BioNTech) vaccines, were included. 
Treated pwMS (N = 1387) were sub-grouped according to the mode of 
action of the DMT that they were receiving. Untreated pwMS (N = 97) 
and healthy controls (N = 185) were also randomly selected. Detailed 
demographical and clinical variables, including sex, age, body mass 
index (BMI), type of MS onset, disease duration, clinical phenotype, total 
relapse number, disability level (Expanded Disability Status Scale 
[EDSS] score) at the time of the sampling, and the presence of any co-
morbidity, were noted. 

2.2. Sampling and contact time 

The blood sampling period was between April 1, 2021, and 
September 30, 2021. The sampling time was a minimum of 28 days (±7 
days) and a maximum of 84 days (±7 days) after the second dose of the 
vaccination. The main inclusion criteria for the MS cohort were: no 
clinical attack in the past month, no previous COVID-19 infection (based 
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on the patients’ statement and official COVID-19 infection registration 
records), no clinical attack after vaccination, and not receiving corti-
costeroid therapy for any reason after the vaccination. Treated pwMS 
had to be on a regular DMT for at least six months at the time of sampling 
and on no other medication affecting vaccination response. Patients 
treated with ocrelizumab had received at least two doses of treatment six 
months apart. In this group, DMTs were ocrelizumab, fingolimod, 
interferon beta (interferon beta-1a and interferon beta-1b), glatiramer 
acetate, dimethyl fumarate, teriflunomide, natalizumab, and cladribine. 
Untreated pwMS who have never been treated with a DMT or previously 
treated but not being on therapy in the past year were included. The 
healthy control group consisted of age- and sex-matched individuals. 

Complete blood count–mainly white blood cell count and lympho-
cyte count–of the study population was obtained during the blood 
sampling time. The lymphocyte levels were graded as follows: normal: 
>1000 cells/mcL, grade I: 800–1000 cells/mcL, grade II: 500–800 cells/ 
mcL, grade III: 200–500 cells/mcL, and grade IV: <200 cells/mcL. 

After a mean of 327±16 days following the blood sampling, patients 
were contacted by phone and asked whether they were vaccinated with 
booster doses or not. They were also asked whether they had COVID-19 
infection and the time of the infection. The severity of the infection was 
documented as follows: asymptomatic disease, mild symptoms without 
pneumonia, pneumonia or severe symptoms that required hospitaliza-
tion or intensive care unit treatment, or death. 

2.3. Antibody measurements 

SARS-CoV-2 quantitative IgG test was performed using the chemi-
luminescent microparticle immunoassay method to detect SARS-CoV-2 
IgG titers (ARCHITECT IgG II Quant test, Abbott, USA), demonstrating 
the quantity of neutralizing antibodies against the receptor-binding re-
gion of the spike protein S1 subunit of SARS-CoV-2. (WHO, Reference 
Panel for anti-SARS-CoV-2 antibody, https://www.who.int/publicati 
ons/m/item/WHO-BS-2020.2403). The antibody results of the studied 
sera were evaluated as Arbitrary Unit/mL (AU/mL). The antibody con-
centrations obtained in AU/mL were multiplied by the correlation co-
efficient of 0.142 and converted to the Binding Antibody Unit (BAU/ 
mL)–WHO International Standard for anti-SARS-CoV-2 immunoglob-
ulin. Accordingly, 50 AU/mL or 7.1 BAU/mL and above concentrations 
were considered positive. This test has been reported to be 100% 
compatible with the plaque reduction neutralization test (PRNT), and a 
concentration of 1050 AU/mL was associated with a 1:80 dilution of 
PRNT (Abbott-Sars-Cov-2-immunoassays, https://www.corelaboratory. 
abbott/int/en/offerings/segments/infectious-disease/sars-cov-2) 

2.4. Statistical analysis 

Statistical analyses were performed using the SPSS software (v25.0, 
IBM Corp., Armonk, NY, USA). All antibody titer levels were trans-
formed into log units and compared on a log10 scale. The Kolmogor-
ov–Smirnov test was used to determine the normal distribution of the 
data. Mann–Whitney U test was performed for the comparison of anti-
body levels between the BioNTech and Sinovac groups. For multiple 
comparisons, the one-way analysis of variance (ANOVA) and post-hoc 
Tukey–Kramer tests were used to compare the parametric data, while 
the Kruskal–Wallis test was used for the non-parametric data. Pearson’s 
or Spearman’s correlation tests were performed, as applicable, to 
determine the correlations between antibody titer vs. the time between 
the second vaccine dose and sample collection date (TBVS), age, and 
BMI. The associations of the factors (age, sex, EDSS, BMI, vaccination 
status, and medication) with COVID-19 severity (asymptomatic/mild vs. 
moderate/severe/death) were assessed by univariate and multivariate 
(enter method) logistic methods. Nominal data were compared using 
Fisher’s exact test. All tests were two-sided, with statistical significance 
set at p<0.05. 

3. Results 

In the initial phase of the study, a total of 1857 participants were 
enrolled. After the re-screening, 127 participants due to the sampling 
time, 43 participants due to incomplete clinical-demographic data, and 
18 participants due to suspected prior COVID-19 infection were 
excluded from the study. Finally, data from 1669 participants (1387 
treated pwMS, 97 untreated pwMS, and 185 healthy controls) were 
analyzed. 

The average age of the participants was 39.64±10.65 years. Patients 
having progressive forms of MS were older than those having relapsing 
forms of MS (RRMS: 38.33±10.34, SPMS: 46.32±8.73, and PPMS: 47.36 
±10.14; p<0.001). There were 544 men (32.59%) and 1125 women 
(67.41%). The average BMI was 24.76±4.25. Among pwMS, 1263 
(85.11%) had RRMS, 161 (10.85%) had SPMS, and 60 (4.04%) had 
PPMS. Detailed demographic data is presented in Table 1. The mean 
disease duration was 9.32±10.65 years, and the mean EDSS was 2.14 
±1.92. Among the entire study population, 852 (51.05%) had received 
BioNTech and 817 (48.95%) had received Sinovac. TBVS (50.85±16.90) 
was not significantly different between the Sinovac and BioNTech 
groups. The subgroups according to the DMT type and vaccines are 
shown in Table 1. The majority of DMTs included ocrelizumab (N =
368), fingolimod (N = 332), and interferons (N = 193). There were 97 
pwMS who have not received any DMT for at least a year and 185 
healthy controls. 

Patients who were under a DMT had a lower antibody response than 
healthy controls and untreated pwMS (both p<0.001). No significant 
difference was detected in antibody titers between healthy controls and 
untreated pwMS (Fig. 1). Any detectable level above the cut-off value 
(50 AU/ml) was considered a positive response for each vaccination 
(Fig. 2). This response was not significant for any of the subgroups be-
tween the two vaccine types. 

The lowest seropositivity for both vaccine groups were for those 
receiving ocrelizumab and fingolimod. When the humoral response was 
evaluated based on antibody titers, the individuals who received Bio-
NTech showed significantly higher antibody titers (7.175±10.074) 
compared with those who received Sinovac (823±1.774) (p<0.001). 
The mean antibody titers in the BioNTech and Sinovac groups were as 
follows, respectively: healthy controls: 15.817±11.134, 1.425±2.104 
(p<0.001); untreated pwMS: 8.038±7.476, 1.394±2.527 (p<0.001); 
ocrelizumab group: 1.204±4.174, 374±1.126 (p<0.001); fingolimod 
group: 1.192±2.771, 142±410 (p<0.001); interferon group: 14.079 
±12.174, 1.547±2.846 (p<0.001); glatiramer acetate group: 11.382 
±10.677, 839±1.098 (p<0.001); dimethyl fumarate group: 10.494 
±10.031, 710±1.202 (p<0.001); teriflunomide group: 9.415±1.422, 
1.544±2.386 (p<0.001); natalizumab group: 10.264±1.867, 1.021 
±1.408 (p<0.001); and cladribine group: 7.212±2.088, 320±379 
(p<0.001). 

In a subgroup analysis of the BioNTech cohort, pwMS treated with 
ocrelizumab (p<0.001), fingolimod (p<0.001), teriflunomide (p<0.05), 
and cladribine (p<0.05) had lower antibody titers compared with the 
healthy controls. However, only the ocrelizumab and fingolimod groups 
had lower antibody titers compared with untreated pwMS (p<0.001; 
p<0.001, respectively). In the Sinovac cohort, pwMS treated with 
ocrelizumab (p<0.001), fingolimod (p<0.001), and cladribine (p<0.01) 
had lower antibody titers compared with the healthy controls. Again, 
only the ocrelizumab and fingolimod groups had lower antibody titers 
compared to untreated pwMS (p<0.001; p<0.001, respectively). 
(Fig. 3). 

When the vaccination response was evaluated according to MS 
clinical phenotypes, all MS groups had lower antibody titers than the 
healthy controls in both BioNTech (p<0.001) and Sinovac (p<0.001) 
cohorts. SPMS or PPMS groups had lower antibody titers than the RRMS 
group in the BioNTech cohort (both p<0.001). In the Sinovac cohort, 
only the SPMS group had a lower antibody titer than the RRMS group 
(p<0.001) (Fig. 4). Low absolute lymphocyte count was observed only in 
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the fingolimod-treated group, which did not significantly affect the 
humoral response of either vaccinatin cohort in this group (Fig. 5). 

Negative correlations were detected between the TBVS and antibody 
titer in the entire cohort (r=− 0.1084; p<0.0001) (Fig. 6A to 6C) and in 
BioNTech (r=− 0.1219; p = 0.0004) and Sinovac (r=− 0.0976; p =
0.0053) vaccination groups. There was a significant correlation between 
age and antibody titer in the entire cohort (r=− 0.1353; p<0.0001) 
(Fig. 6D to 6F), as well as in each vaccination group (BioNTech: 
r=− 0.1334, p<0.0001; Sinovac: r=− 0.0991; p = 0.0046). BMI was 
negatively correlated with the humoral response in the entire cohort 
(r=− 0.1046, p = 0.0032) (Fig. 6G) and Sinovac group (r=− 0.1459, 
p<0.0001) (Fig. 6I); however, there was no significant correlation in the 
BioNTech group (r=− 0.0224, p = 0.5781) (Fig. 6). 

We also evaluated the COVID-19 antibody response in pwMS using a 
decision tree. We used Recursive Partitioning and Regression Trees 
(rpart) in the R Programming environment. Participants who received 
the Sinovac vaccine produced the lowest antibody response; those who 
received ocrelizumab or fingolimod treatments had also very low anti-
body responses (Fig. 7). 

We contacted 704 patients by telephone; 246 (34.9%) of them were 
infected with COVID-19 between the sampling time and contact time. 
Detailed demographic data are presented in Table 2. There was no 
correlation between age, sex, or BMI and COVID-19 infection among the 
patients. Among pwMS, 203 patients had only two doses of Sinovac or 
BioNTech vaccines; the rest of the patients had one or more booster 
doses. The time from the second vaccine to COVID-19 infection was 190 
days, from the first booster dose to COVID-19 infection was 118 days, 
and from two or more booster doses to COVID-19 infection was 104 
days. Between infected and non-infected patients, no significant differ-
ences were detected in the vaccine type, time from vaccination to 
COVID-19 infection, number of vaccination, or antibody titers (Table 2). 

Among patients who had COVID-19 infection, 206 (83%) patients 
were asymptomatic or had mild infection symptoms without pneu-
monia, 37 had moderate symptoms, three patients were treated in the 
intensive care unit, and one patient under ocrelizumab treatment died. 
Only high BMI was a risk factor for severe COVID-19 infection responses 
(Table 3). There was no correlation between age, sex, EDSS, the number 
of vaccination, or DMT type and humoral antibody. 

4. Discussion 

The COVID-19 pandemic has caused significant mortality and Ta
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Fig. 1. A) Comparison of the antibody levels (log10) among healthy controls, 
untreated pwMS, and pwMS receiving DMTs. pwMS, people with multiple 
sclerosis; DMT, disease-modifying therapy; ***p<0.001: compared with healthy 
controls; +++p<0.001: compared with untreated pwMS. 
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morbidity globally, with an unprecedented challenge to public health. 
During this burden and uncertainty, rapidly developed vaccines have 
created hope and succeeded in controlling the spread and severe con-
sequences of COVID-19. However, this situation has also raised the issue 
of vaccine immunogenicity, especially in people with autoimmune dis-
eases and receiving drugs that may interfere with the efficacy of these 
vaccines. 

It has been shown that mRNA vaccines are more effective than viral 
vector vaccines (Doroftei et al., 2021), but there is limited information 
about the effects of inactive vaccines in comparison with mRNA vac-
cines. Three studies from Chile, Jordan, and China examining the hu-
moral response in the general population have shown that mRNA 
vaccines were superior to inactivated vaccines regarding seropositivity 
and SARS-Cov2 antibody titers (Mok et al. 2022; Alqassieh et al. 2021). 

In the study with the Chile population, seropositivity was 77.4% and 
96.5% after two doses of Sinovac and mRNA vaccination, respectively 
(Saure et al., 2022). To our knowledge, our study is the largest to 
evaluate and compare the humoral responses of an mRNA vaccine 
(BioNTech) and an inactivated virus vaccine (Sinovac) in pwMS, as well 
as the outcomes of the infection in this population. 

Our results are in accordance with recent studies indicating that MS 
itself does not affect the antibody response, but DMTs appear to be 
associated with attenuated humoral response (Ozakbas et al., 2022; 
Habek et al., 2022; Di Filippo et al., 2022; A. Achiron et al., 2021a; 
Sormani et al., 2021). The main result obtained in this study is the 
absence of a significant difference between the vaccine groups regarding 
seropositivity. Lower positivity rates were observed in patients who 
received ocrelizumab, fingolimod, and cladribine treatments in both 

Fig. 2. Percentage of seropositivity (antibody titer ≥ 50 AU/ml) among the groups.  

Fig. 3. Comparison of the antibody levels (log10) among the groups. PwMS w/o DMT: People with MS without disease-modifying therapies. *p<0.05, ***p<0.001: 
compared with healthy controls (BioNTech) &&&p<0.001: compared with untreated pwMS (BioNTech) ++p<0.01, +++p<0.001: compared with healthy controls 
(Sinovac) ###p<0.001: compared with untreated pwMS (Sinovac). 
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vaccine groups. However, it should be noted that although values above 
certain thresholds were considered positive in the tests of different 
brands used, the sensitivity and specificity of these tests may be 
different. 

Our study demonstrated that mRNA vaccines appear to be more 
effective in inducing an immune response compared with inactivated 
virus vaccines. Importantly, when SARS-CoV-2 IgG levels, which are 
used to measure the humoral antibody response, were examined, the 
mRNA vaccine was significantly superior to the inactivated virus vac-
cine in all treated and untreated pwMS and healthy control groups. Also, 
SARS-CoV-2 IgG levels were approximately 9 times higher in patients 

receiving BioNTech in all DMT groups compared with patients receiving 
Sinovac. The highest prevalence of antibody response was observed 
among those receiving immunomodulators (natalizumab, 97%; in-
terferons and glatiramer acetate, 98%). In meta-analyses of humoral 
studies on COVID-19 vaccination responses in pwMS, antibodies were 
detected in 93% of healthy controls and 77% of pwMS, with >93% 
response in all DMT groups (interferon beta, glatiramer acetate, cla-
dribine, natalizumab, dimethyl fumarate, alemtuzumab, and teri-
flunomide) except for sphingosine-1-phosphate modulators (72%) and 
anti-CD20 monoclonal antibodies (44%) (Etemadifar et al., 2022; 
Gombolay et al., 2022). Cladribine was reported not to affect vaccine 

Fig. 4. Comparison of the antibody levels (log10) among MS types. RRMS: relapsing-remitting multiple sclerosis, SPMS: secondary progressive multiple sclerosis, 
PPMS: primary progressive multiple sclerosis. ***p<0.001: compared with healthy controls; +++p<0.001: compared with the RRMS group. 

Fig. 5. The effect of lymphocyte distribution on antibody titers in patients receiving fingolimod treatment.  
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immunity. However, in our cohort, the antibody titers were decreased in 
patients using cladribine compared with the healthy control group. 
These results differ from the majority of previous studies but are 
consistent with the study of Tortorella et al. (Tortorella et al., 2022; 
Tallantyre et al., 2022; A. Achiron et al., 2021b; Sormani et al., 2021). 
This inconsistency may be due to the differences in the comparisons–-
whether antibody titers or antibody response rates were evaluated. 
Teriflunomide was expected not to reduce the response to vaccines; 
however, surprisingly, lower antibody responses were found in patients 
treated with teriflunomide in the BioNTech vaccination group. Previ-
ously, however lower vaccination responses were found in the inacti-
vated vaccine groups but not in theb mRNA groups (Ozakbas et al., 
2022). 

Pre-COVID vaccine studies in patients receiving ocrelizumab and 
fingolimod treatments have shown that the formation of antibody 
response is reduced compared with healthy controls. Regarding the ef-
fect of the DMTs on humoral response, attenuated humoral responses 
were detected in pwMS receiving ocrelizumab and fingolimod, irre-
spective of which vaccine was used. In the light of previous research, it is 
now well-established that fingolimod and B-cell-depleting therapies can 

impair post-vaccination antibody formation (Bar-Or et al., 2020; Kap-
pos et al., 2015), and similar results have been observed in all vaccine 
subgroups. 

Fingolimod is an antagonist of the sphingosine-1-phosphate receptor 
and prevents lymphocyte egression from secondary lymphoid tissues 
and marked peripheral blood lymphopenia. PwMS treated with fingo-
limod had lower humoral and a few countable cellular immune re-
sponses due to low lymphocyte counts (Achiron et al., 2022). However, 
despite these low T- and B-cell numbers and low antibody titers after 
vaccination, fingolimod use is not a risk factor for severe COVID-19 
infection (Achtnichts et al., 2022; Turkoglu et al., 2022). Accordingly, 
we did not find any relationship between lymphocyte count and hu-
moral responses in our study. 

The results of our study confirmed the negative correlation between 
age and vaccine response; this seems to be consistent with most previous 
studies, although there are also conflicting results (Pitzalis et al., 2021; 
Tallantyre et al., 2022; Etemadifar et al., 2022; Sormani et al., 2021). 
This relationship seems legit, given the presence of immune senescence. 
Moreover, TVBS was negatively correlated with the vaccine response. 
This is in line with the results of previous studies arguing that it seems 

Fig. 6. Correlations between antibody levels (log10) and the time between the second vaccine dose and sample collection date (TVBS) in the A) entire population, B) 
BioNTech group, and C) Sinovac group. Partial correlations between antibody levels (log10) and age, after controlling for TVBS, in the D) entire population, E) 
BioNTech group, and F) Sinovac group. Partial correlations between antibody levels (log10) and body mass index (BMI), after controlling for TVBS, in the G) entire 
population, H) BioNTech group, and I) Sinovac group. 
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important how long after the last dose of the vaccine is administered, 
especially for treatments administered as intermittent infusions. In our 
study, BMI was negatively correlated with antibody titer. In a study, BMI 
was not found to be effective on the antibody response (Sormani et al., 
2021); however, there is little data on this issue in the literature. 

The relationship between phenotypes of MS and the humoral 
response to SARS-CoV-2 vaccines has remained speculative. In this 
study, patients with progressive forms of MS developed lower antibody 
titers. Such a relationship has not been observed in other studies 
(Ozakbas et al., 2022; Sormani et al., 2021; Etemadifar et al., 2022). This 

Fig. 7. Decision tree shows on the top node that the average antibody count for the entire cohort is 4066. Those who received Sinovac–the bottom left leaf of the 
tree–consists of 817 participants, yielding the lowest average antibody count of 823. The second lowest antibody response group–the second leaf from the bottom left 
of the tree–consists of pwMS who received BioNTech and were on ocrelizumab or fingolimod, with 356 participants with an average of 1199 antibody count. The 
highest antibody group consists of healthy controls and pwMS on interferon beta who received BioNTech, with 167 participants with an average of 14,901 anti-
body count. 

Table 2 
Demographic characteristics, vaccination status, and antibody titers in participants infected and non-infected with COVID-19.   

Total Infected with COVID-19 Non-infected p-value 

Contacted patients (n, %) 704 (100%) 246 (34.9%) 458 (65.1%) - 
Age (mean±SD) 38.67±10.20 37.56±9.65 39.27±10.44 0.109 
Sex (male/female, n) 221/483 68/178 153/305 0.137 
BMI (mean±SD) 24.29±4.13 24.02±3.91 24.43±4.24 0.303 
Vaccination status     
2 doses of BioNTech (n, %) 134 (100%) 58 (43.3%) 76 (56.7%) - 
2 doses of Sinovac (n, %) 69 (100%) 22 (31.9%) 47 (68.1%) 0.155 
1 booster dose (n, %) 270 (100%) 93 (34.4%) 177 (65.6%) 0.311 
2 or more booster doses (n, %) 231 (100%) 73 (31.6%) 158 (68.4%) 0.110 
Participants     
Healthy controls (n, %) 21 (100%) 7 (33.3%) 14 (66.7%) - 
Untreated pwMS (n, %) 41 (100%) 14 (34.1%) 27 (65.9%) 0.949 
pwMS under DMTs     

Ocrelizumab (n, %) 202 (100%) 73 (36.1%) 129 (63.9%) 0.949 
Fingolimod (n, %) 118 (100%) 50 (42.4%) 68 (57.6%) 0.459 
Others (n, %) 322 (100%) 102 (31.7%) 220 (68.3%) 0.887 

Antibody titer (AU/mL)     
Healthy controls (mean±SD) - 7810±9253 6211±7621 0.927 
Untreated pwMS (mean±SD) - 5335±5127 4302±4553 0.714 
pwMS under DMTs     

Ocrelizumab (mean±SD) - 555±2149 1238±4650 0.075 
Fingolimod (mean±SD) - 1014±2989 703±1921 0.424 
Others (mean±SD) - 5751±8943 5551±8193 0.625  
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inconsistency may be due to the demographical factors of progressive 
MS groups and the drugs used in these patients. In our study, progressive 
MS patients were older compared with RRMS patients and used fingo-
limod and ocrelizumab treatments at higher rates, which affected anti-
body responses. 

In our study, patients were followed prospectively. Within one year 
after blood sampling and determination of humoral response levels, 
patients’ COVID-19 status and the severity of COVID-19 infection were 
questioned via contacting them by telephone. The type of vaccine, hu-
moral antibody level, number of vaccinations, age, sex, BMI, EDSS, and 
MS type were examined in relation to COVID-19 infection. Unexpect-
edly, there was no association between COVID-19 infection rate and age, 
sex, vaccine type, antibody level, the number of vaccinations, EDSS, and 
DMTs. The rates of COVID-19 infection were also similar between the 
Sinovac and BioNTech groups. 

Considering the severity of the infection, 83% of the patients who 
had COVID-19 infection were asymptomatic or recovered with mild 
symptoms. The remaining 40 patients developed pneumonia or more 
severe symptoms. Only three patients had to be followed up in the 
intensive care unit, and only one patient on ocrelizumab died. In the 
multivariant analysis of COVID-19 infection severity, no association was 
observed between age, sex, EDSS, vaccine type, and DMT type. Only 
those with high BMI were associated with a higher risk of severe 
infection. Moreover, no association was found between susceptibility to 
the infection and infection severity, whether it was the mRNA vaccine, 
which induces a high humoral response, or the inactivated vaccine, 
which induces a low humoral response. A possible explanation for this 
might be that the rate of the Omicron variant of COVID-19 infection was 
dominant at the time of the follow-up period, which had a low risk of 
severe infection (Barouch 2022; Sormani et al., 2022). 

There are several limitations to this study. One limitation is that 
COVID-19 infection before vaccination was determined based on the 
patients’ statements and not serological data. Since there was no anti-
body titer before the study, antibody change could not be detected. 
Moreover, these results may underestimate the effect of age and other 
covariates on the humoral response. Second, the antibody titers of the 
patients were not checked after the booster injections or anytime in the 
follow-up period. Lastly, some patients preferred different vaccines for 
booster injections during the follow-up period; this might have inter-
fered with the COVID-19 infection severity. Although the findings 
should be interpreted with caution, this study has several strengths. This 
is the largest multicenter study evaluating vaccine immunogenicity, and 
this sample size allowed us to reach sufficient statistical power, pro-
ducing more generalizable findings. Moreover, the long follow-up 
period allowed us to more reliably compare the inactivated virus and 
mRNA vaccines’ protection against COVID-19 infection. 

Although much progress has been made in the issue of vaccine 
immunogenicity in MS, there is abundant room for further progress in 
determining the causal factors associated with post-vaccination 

antibody formation and protection against the infection or risk of severe 
infection. 

5. Conclusion 

In this study, we determined the effect of vaccination type and DMTs 
on the humoral response upon vaccination in pwMS. Overall, our find-
ings strengthen the idea that MS itself does not affect the humoral 
response. In general, the mRNA vaccine appeared to be more effective in 
producing COVID-19 IgG antibodies. B-cell-depleting therapies and 
fingolimod were associated with an attenuated humoral response. 
Finally, both inactive virus and mRNA vaccines were equally protective 
against COVID-19 infection, regardless of the antibody status, and the 
severity of COVID-19 infection did not differ between the vaccine 
groups. 
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Yeşim Beckmann: Data curation, Formal analysis, Methodology 
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