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ABSTRACT
BACKGROUND: Until the World Health Organization declared 
an end to COVID-19 as a global health emergency worldwide 
in 2023, people with multiple sclerosis (MS) were hesitant 
to get the COVID-19 vaccine. This study aimed to assess the 
final vaccination status, attitude, and adverse events related 
to the COVID-19 vaccine among people with MS in Egypt. 

METHODS: A self-administered survey was offered to people 
with MS who came to the Alexandria University MS Clinic in 
Egypt between June 2023 and November 2023. 

RESULTS: Of 150 surveys completed, 77% of participants 
were women. Their median age was 35.5 years (range, 19-59 
years); their median disease duration was 4 years. Only 81 
(54%) participants received a COVID-19 vaccine. Of that 81, 
81.5% received 2 doses. The median fear of COVID-19 score  
(FCV-19S) was 11, and 15.3% had high levels of fear. Worry-
ing about the worsening effect of the vaccine on MS (69.3%) 
and about the long-term adverse events (AEs) of the vaccines 
(63.3%) were the most common causes of fear. The only fac-
tor that was significantly related to receiving the vaccine was 
the FCV-19S score (P = .049). Among those who received the 
vaccine, fatigue was the most common AE reported in 48%;  
5% had a neurological relapse. No other serious AEs occurred. 

CONCLUSIONS: In this study, almost half of study par-
ticipants with MS did not receive a COVID-19 vaccination, 
mainly due to fear. AEs attributed to the vaccine were mild. 
Implementing educational programs during future pandemics 
will be necessary to improve the vaccination rates of people 
with MS. 
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Even following the US Food and Drug Administration (FDA) 
approval of the SARS coronavirus 2 (COVID-19) vaccina-
tion in 2021,1 acceptance among global citizens varied.2-4 

According to several studies, more than one-third of the popula-
tion studied did not receive a COVID-19 vaccination despite the 
critical situation of the pandemic.2,3,5,6 Hesitancy about taking 
the vaccine was more prevalent among people with chronic ill-
nesses, including those with multiple sclerosis (MS).7,8

Clear guidance about the necessity and urgency of offering 
COVID-19 vaccines to people with MS was soon released,9-12 
but some members of the MS community continued to have 
concerns about it.8,13 People with MS in Egypt had a high rate 
of vaccine hesitancy—26% at the peak of the pandemic.14 In 
May 2023, the World Health Organization (WHO) declared 
an end to COVID-19 as a global health emergency,15 but data 
about the final vaccination rate in Egypt are scarce. This 
study aims to uncover the 2023 COVID-19 vaccination status 
among a cohort of people with MS, their feelings and fears 
during and then following the pandemic, and any reported 
adverse events (AEs) from vaccination.

METHODS
Study Structure
This was a cross-sectional, self-administered survey given to 
adults with MS seen at the Alexandria University MS Clinic 
between June 2023 and November 2023. People with relapsing 
MS (RMS) and progressive MS (PMS) were eligible.

The survey had 6 sections: (1) sociodemographic char-
acteristics; (2) clinical data about the disease (eg, disease 
duration, phenotype, Patient-Determined Disease Steps 
[PDDS] score,16 number of relapses in the past year, and 
disease-modifying therapies [DMTs]); (3) fear of COVID-19 
scale (FCV-19S) score17; (4) questions about prior expo-
sure to COVID-19 and commitment to preventive mea-
sures; (5) previous vaccinations, DMTs, steroids, and 
attitudes toward the vaccine; (6) vaccine-related AEs and  
postvaccination relapses.
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TABLE 1. Study Participants’ Vaccination Status, Sociodemographic Characteristics, Clinical Features, and Attitudes Toward 
and Fears of the COVID-19 Vaccine (N =150)

Total
Vaccination, n (%) 

Significance Test
No (69) Yes (81)

Age

≤ 20 years 7 2 (28.6) 5 (71.4)

 χ2 = 7.107
P = .103

21-30 years 42 21 (50.0) 21 (50.0)
31-40 years 64 35 (54.7) 29 (45.3)
41-50 years 25 7 (28.0) 18 (72.0)
>  50 years 12 4 (33.3) 8 (66.7)

Gender
Male 35 17 (48.6) 18 (51.4)  χ2 = 0.122

P = .727Female 115 52 (45.2) 63 (54.8)

Marital status

Single 41 15 (36.6) 26 (63.4)
MC = 5.369

P = .125
Married 95 48 (50.5) 47 (49.5)
Widowed 2 0 (0.0) 2 (100.0)
Divorced 12 4 (33.3) 8 (66.7)

Employment

Unemployed 114 55 (48.2) 59 (51.8)
MC = 2.198

P = .549
Employed 26 10 (38.5) 16 (61.5)
Student 7 2 (28.6) 5 (71.4)
Retired 3 2 (66.7) 1 (33.3)

Education
Secondary school or less 80 37 (46.3) 43 (53.8) χ2 = 0.004

P = .948University or postgraduate 70 32 (45.7) 38 (54.3)

Residency
Rural 23 10 (43.5) 13 (56.5) χ2 = 0.070

P = .792Urban 127 59 (46.5) 68 (53.5)

Disease duration, years

< 1 17 11 (64.7) 6 (35.3)

χ2 = 3.166
P = .530

1- < 5 63 29 (46.0) 34 (54.0)
5- < 10 47 20 (42.6) 27 (57.4)
10- < 15 17 7 (41.2) 10 (58.8)
> 15 years 6 2 (33.3) 4 (66.7)

Disease duration
- Mean ± SD (min-max)
- Median (IQR)

5.29 ± 4.33 (0.02-22.0)
4.0 (2.0-8.0)

4.73 ± 3.95 (0.02-17)
4.0 (1.75-7.0)

5.79 ± 4.61 (0.08-22)
5.0 (2.85-8.0)

KW
P = .141

PDSS
- Mean ± SD  (min-max)
- Median (IQR)

1.83 ± 1.71 (0.0-0.7)
2.0 (0.0-3.0)

1.9 ± 1.67 (0-7)
2.0 (1.0-3.0)

1.7 ± 1.73 (0-6)
2.0 (0.0-3.0)

Student t test
P = .504

DMT

Interferon beta-1a IM 14 11 (78.6) 3 (21.4)

MC = 12.609
P = .398

Interferon beta-1a SC 16 7 (43.8) 9 (56.3)
Interferon beta-1b SC 11 3 (27.3) 8 (72.7)
Teriflunomide 3 2 (66.7) 1 (33.3)
DMF 10 4 (40.0) 6 (60.0)
Fingolimod 36 18 (50.0) 18 (50.0)
Ocrelizumab 11 6 (54.5) 5 (45.5)
Rituximab 13 7 (43.8) 9 (56.3)
Other 11 5 (45.5) 6 (54.5)
None 3 1 (33.3) 2 (66.7)

COVID-19 vaccine 

Total 81 (54)

-

Pfizer 19 (12.7) - 19 (24.1)
AstraZeneca 15 (10) - 15 (19.0)
Sinopharm 31 (20.7) - 31 (39.2)
Johnson & Johnson 4 (2.7) - 4 (5.1)
Moderna 1 (0.7) - 1 (1.3)
Sinovac 1 (0.7) - 1 (1.3)
Sputnik V 1 (0.7) - 1 (1.3)
N/A 9 (6.0) 9 (9.9)
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All data were analyzed using the IBM SPSS software pack-
age, version 20.0. For comparison based on data type, χ2, 
Monte Carlo, and Fisher exact tests were used.

Ethical approval was obtained from the ethics commit-
tee of Alexandria University School of Medicine (IRB no 
0012098 [expires October 6, 2025]), which operates accord-
ing to the International Conference on Harmonization Good 
Clinical Practice Guideline and applicable local and institu-
tional regulations and guidelines. The ethics committee has a  
federal-wide assurance from 2010 (FWA no. 00018699 
[expires January 21, 2026]).

RESULTS
Of 200 patients invited, 150 (75%) responded to the survey dur-
ing the study period. The median age of the participants was 
35.5 years (range, 19-59). Approximately 77% were women; 
47% were highly educated (TABLE S1); 84% had relapsing 
MS (TABLE S2). The median disease duration was 4 years 
(range, 0.019-22), and the median PDSS was 2 (range, 0-7). 
Approximately 54% (n = 81) received a COVID-19 vaccination 
(TABLE 1, TABLE S3). Sinopharm, Pfizer, and AstraZeneca vac-
cines were the most common brands given to 39.2%, 24.1%, 
and 19%, respectively (TABLE 1). 

T h e  m e d i a n  F C V- 1 9 S  s c o r e  wa s  1 1  ( r a n g e ,  7 - 3 5 ) . 
Approximately 42.7% of the patients experienced COVID-19 
symptoms, and 14.7% had positive COVID-19 tests. Two par-
ticipants (1.3%) were hospitalized due to COVID-19 infection. 
The exposure data and commitment to infection control 
precautions are detailed in Table S2. Of 150 participants,  
66 (44%) received 2 doses of COVID-19 and 69 (46%) did not 
receive any vaccines (Table S3). 

Of those who did not receive the vaccine, 65.2% did not 
want to receive the vaccine at all. The main 2 causes were 
worries about making their MS worse (69.3%) and being wor-
ried about long-term AEs (63.3%) (Table S3).

Of the 81 people with MS who received the vaccine,  
20 (24.7%) had a clinical relapse 1 month before vaccination;  

16 (19.8%) received corticosteroids during the month before 
vaccination; and 3 (3.7%) postponed their DMT because of 
vaccination. They were on dimethyl fumarate, fingolimod, 
and rituximab. Of note, the only factor significantly related to 
vaccination state was FCV-19S scores. Two-thirds (65.2%) of 
patients with a high level of fear did not receive the vaccine vs 
67.6% of those with moderate fear and 46.2% of those with low 
fear (P = .049).

Fatigue was the most common AE, occurring in 48% of  
participants in general and in 32% after the second dose 
(FIGURE 1A). Five (≈ 6.2%) people with MS who received the 
COVID-19 vaccination had a relapse following vaccination. 
The relapses were confirmed clinically but not radiologi-
cally. The details of those who had a relapse are compared 
with those who did not have a relapse in TABLE S4. Of 
note, relapse occurrence was higher for patients receiving  
immunosuppressants than for those receiving immunomod-
ulatory DMTs. (All DMTs used were considered immunosup-
pressants except interferons.) Relapse symptoms are depicted 
in FIGURE 1B. Imbalance was the most common neurological 
symptom reported (18%). This was followed by weakness 
(15%), gait problems (15%), visual disturbances (14%), uri-
nary or bowel symptoms (14%), and sensory symptoms (9%) 
(Figure 1B).

DISCUSSION
Although the COVID-19 pandemic is no longer a health emer-
gency, it was essential to investigate vaccine hesitancy among 
the Egyptian people with MS to help develop regulations and 
educational programs for the future. We found that approxi-
mately only half of the Egyptian people with MS surveyed 
received the COVID-19 vaccine, mainly due to fear of potential 
AEs or a negative impact on their MS. In this cohort, 5% had an 
MS relapse, but no other serious AEs were reported.

Compared to the WHO’s 70% vaccination target,18 the 
vaccination status among Egyptian people with MS is inad-
equate, especially taking into consideration that 27.3% of 

TABLE 1. Study Participants’ Vaccination Status, Sociodemographic Characteristics, Clinical Features, and Attitudes 
Toward and Fears of the COVID-19 Vaccine (N =150) (cont)

Previous COVID-19 
symptoms experience

No 86 41 (47.7) 45 (52.3) χ2 = 0.228
P = .633Yes 64 28 (43.8) 36 (56.3)

Previous positive 
COVID-19 test

No 128 61 (47.7) 67 (52.3) χ2 = 0.964
P = .326Yes 22 8 (36.4) 14 (63.6)

Previous hospitalization 
due to COVID-19 

No 148 67 (45.3) 81 (54.7) Fisher = 2.380
P = .210Yes 2 2 (100.0) 0 (0.0)

Fear of COVID-19 scores
Low 93 43 (46.2) 50 (53.8)

χ2 = 5.971
P = .049*Moderate 34 23 (67.6) 11 (32.4)

High 23 15 (65.2) 8 (34.8)

Compliance with social 
distancing 

Not at all 18 9 (50.0) 9 (50.0)
χ2 = 0.815
P = .665Sometimes 63 31 (49.2) 32 (50.8)

Always 69 29 (42.0) 40 (58.0)
DMT, disease-modifying therapy; Fisher, Fisher exact test; IM, intramuscular; KW, Kruskal Wallis test; MC: Monte Carlo test; N/A, data not available; PDDS, 
Patient-Determined Disease Steps; SC, subcutaneous.
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those who received the vaccine were forced to do so for 
work- or travel-related reasons. These numbers are similar 
to those reported by Ghanem et al,14 who studied 289 people 
with MS from Cairo and found a hesitancy rate of 26.3%. 
However, in their study of 160 Egyptian people with MS,  
Gad et al19 reported a vaccination rate of 40.6%. Although 
the vaccination rate was low among people with MS in Egypt 
(either in our study or in previous Egyptian studies14,19), the 
rate is slightly higher than that noted among the general 
Egyptian population, where about 49% (of 18,107 individu-
als interviewed) were vaccinated.20 This higher rate among 
people with MS may be due to better education from their 
neurologists or their perception that they are more vulner-
able than people who do not have MS. Vaccination rates 
among people with other neurological disorders were 
similar, including immune-mediated diseases (59.2%)21 and 

other diseases such as cerebrovascular 
disorders (41.6%),21 headache (69.2%),21 
or epilepsy (39.5%).22 People with MS 
in Egypt were more likely to receive a 
COVID-19 vaccination than those with 
stroke or epilepsy, but less likely to 
receive it compared to those with head-
ache. Regardless, the vaccination rate in 
Egypt, whether among the general pop-
ulation or among patients with various 
neurological disorders, is low compared 
to the WHO target.18

T h e  va c c i n a t i o n  n u m b e r s  f r o m 
Egypt are significantly lower than what 
has been reported in the literature.  
For instance, in a 2022 systematic review 
and meta-analysis of 5983 people with 
MS mainly from the United States, 
the United Kingdom, Ireland, Iran, 
and China, only 2% of people with MS 
were unwilling to receive COVID-19  
vaccines.23 In a study of 4955 people 
with MS from the North American 
R e s e a r c h  Co m m i t t e e  o n  M u l t i p l e 
Sclerosis (NARCOMS), 84.1% received 
a COVID-19 vaccine. 24 Similarly,  of  
193 people with MS in Germany, 84.5% 
and 78.2% received first and second  
COVID-19 vaccine doses, respectively.25 
Data from 2 Australian health care  
services in 2021 showed a vaccina-
tion rate of 82.9% among 281 people 
with MS.26 The differences noted are 
likely due to fear and poor knowledge  
about the vaccine safety, efficacy, and 
potential AEs.

The case is different in other countries 
in the Middle East and North Africa 
(MENA) region. A cross-sectional study 
of 3041 people with MS from MENA 

reported a 60.2% willingness rate to receive a COVID-19 vac-
cine booster.27 Alroughani et al, in a study from Kuwait of 
647 people with MS, reported a 59.28% vaccination rate.28 
Felemban et al reported that 89.02% of 173 people with 
MS in Saudi Arabia received the vaccine.29 The only region 
where the vaccination rate was lower than our study was 
South Africa, with 17.5% of 394 people with MS receiving  
the COVID-19 vaccine.30 Although the rate was low, approxi-
mately 60.2% had a positive attitude toward vaccination. 
Here again it seems that the Egyptian population might 
need specific education as well as detailed studies to  
investigate what is engendering such a negative attitude 
toward vaccination.

Fear of vaccination was similar in our study to what has 
been reported in the literature. In the NARCOMS cohort, the 
reasons for not getting the COVID-19 vaccine were fear of 
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FIGURE 1. Adverse Events That Occur Following COVID-19 Vaccination (n = 81)

A. General adverse events that occur in patients who received at least 1 dose (n = 81) and those who
received 2 doses (n = 66). 
B. Neurological adverse events that occur in patients who received at least 1 dose (n = 81) and those who
received 2 doses (n = 66).
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potential AEs (47.7%), possible lack of efficacy (13.7%), and 
uncertainty about need for the vaccine (17.1%).24 And, unlike 
with our cohort, many factors were significantly correlated 
to receiving the vaccine, including older age, higher socio-
economic status, physical activity level, and DMT.24 Similarly, 
age, level of education, Expanded Disability Status Scale score, 
disease duration, depression, psychological status, and DMT 
use affected reception of COVID-19 vaccination.25 In a German 
study, concern about potential AEs was the most common 
reason to not get the vaccine (82.1%) followed by believing the 
vaccine was not adequately tested (64.3%).25 In an Australian 
study in 2021, young age and short disease duration (ie, 5 years 
or less) were the main factors determining the vaccination 
status.26 In Saudi Arabia, the main determinant for getting the 
COVID-19 vaccine was education level (P = .004).29 In a Malawi 
study, the lack of knowledge about COVID-19 vaccination ben-
efits and importance was the main factor in people choosing to 
not get the vaccine.30

Vaccine AEs in our cohort were mild, with fatigue being 
the most commonly reported symptom by approximately 
half of the sample. The relapse rate following vaccination was 
6.2%. Patients who had a relapse following vaccination were 
similar to those who did not experience a relapse except that 
they were on immunosuppressants. This might be attributed 
to the vulnerability of the host immune system increasing 
the risk of vaccine-induced inflammatory response and pro-
moting a relapse. In an Egyptian cohort, the relapse rate fol-
lowing vaccination was 7.7%, and the prevalence of vaccine-
related AEs was 33%, mainly in the form of injection-related 
reactions and general constitutional symptoms.19 In Western 
countries, the prevalence of AEs related to COVID-19 was 
52.8%25 and the relapse rate was 6.7%.25 In the Kuwait cohort, 

1.31% had relapses following vaccination.28

Taken together, it is clear that the COVID-19 vaccination rate 
among people in Egypt with MS is poor. This is similar to the 
population in Egypt in general, but inadequate compared with 

international standards. Although the reported reason for poor 
vaccination is worry about the potential negative impact of 
the vaccine on their MS and their general health, in this study, 
the vaccine did not have any major negative impact on the MS 
disease or the general condition of the Egyptian cohort. Local 
educational programs about the importance and safety of  
vaccination should be provided for this vulnerable population. 
Further studies are also needed to investigate other potential 
causes of fear of vaccination among this population.

Strength and Limitations
The main strength of this study is that it concerns people with 
MS in Egypt, a country with a large population but limited 
publications on this topic, and it is the first (to the best of our 
knowledge) to assess final vaccination status. The main limita-
tion of the study is that it was performed after the peak of the 
COVID-19 pandemic. Still, the study’s aim was to present the 
final vaccination state of a vulnerable group of the population 
and to demonstrate how excessive concerns over vaccine risks 
affect COVID-19 vaccine uptake. 

CONCLUSIONS
More than half of the study cohort of people in Egypt with MS 
did not receive a COVID-19 vaccine mainly due to fear about its 
potential negative consequences on their MS disease progres-
sion; however, all vaccine-related AEs were mild. These find-
ings emphasize the importance of implementing awareness 
and education programs for patients with chronic diseases in 
future pandemics. ■
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TABLE S2. Previous COVID-19 Exposure and Infection Control Precautions (N = 150)

Yes No

Previous COVID-19 symptoms 64 (42.7%) 86 (57.3%)

Previous positive COVID-19 test 22 (14.7%) 128 (85.3%)

Previous hospitalization due to COVID-19 infection 2 (1.3%) 148 (98.7%)

Knowing people who were hospitalized due to 
COVID-19 infection 59 (39.3%) 91 (60.7%)

Knowing people who died from COVID-19 infection 70 (46.7%) 80 (53.3%)

Previous knowledge of COVID-19 vaccine 2 (1.3%) 148 (98.7%)

At all Sometimes Sure

Adherence to social distancing guidelines 18 (12.0%) 63 (42.0%) 69 (46.0%)

Wearing surgical masks in public areas 15 (10.0%) 58 (38.7%) 77 (51.3%)

TV Internet Family/friends Health 
facility

Treating 
physician

Source of information about COVID-19 vaccine 81 (54.0%) 28 (18.7%) 16 (10.7%) 13 (8.7%) 12 (8.0%)

TABLE S1. Sociodemographic and Disease Characteristics of Study Participants (N = 150)
Sociodemographic characteristics

Age Mean ± SD 35.0 ± 9.18 Median [Min, Max] 35.5 [19.0, 59.0]

Gender Female 
115 (76.7%)

Male 
35 (23.3%)

Marital status Married
95 (63.3%)

Single
41 (27.3%)

Divorced
12 (8.0%)

Widow
2 (1.3%)

Occupation Unemployed
114 (76.0%)

Employed
26 (17.3%)

Student
7 (4.7%)

Retired
3 (2.0%)

Education Secondary school or less
80 (53.3%)

University or postgraduate
70 (46.7%)

Residency Urban
127 (84.7%)

Rural
23 (15.3%)

Disease characteristics

Duration Mean ± SD 5.29 ± 4.33 Median [Min, Max] 4.00 [0.0190, 22.0]

Phenotype RMS
126 (84.0%)

PMS
24 (16.0%)

PDDS
Mean ± SD 1.84 ± 1.71 Median [Min, Max] 2.00 [0, 7.00]

Mild (0-1): 73 (49.0%) Moderate (2-4): 62 (41.6%) Severe (5-7): 14 (9.4%)

DMT Yes: 120 (80.0%) No: 30 (20.0%)

DMTs (n = 120) Interferon
41 (34.2%)

DMF
10 (68.8%)

Pexonamide
3 (2.5%)

Fingolimod
36 (30.3%)

Ocrelizumab
11 (9.2%)

Rituximab
13 (10.9%)

Other
6 (5%)

Fear of COVID-19 Scale

Mean ± SD 14.1 ± 7.79 Median [Min, Max] 11.0 [7.00, 35.0]

DMF, dimethyl fumarate; DMT, disease-modifying therapy; PDSS, Patient-Determined Disease Steps; PMS, progressive multiple sclerosis;  
RMS, relapsing multiple sclerosis. 
Note: All values are number (%), except where indicated otherwise.
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Table S3. Vaccination Status, Willingness and Readiness to Take COVID-19 Vaccine, and Reasons for Fear of Vaccine (N = 150)

Got COVID-19 vaccine (n = 81, 54%) Did not get COVID-19 vaccine (n = 69, 46%)

Vaccination 
status

1 dose 2 doses 3 doses Do not want 
at all

Want a little 
bit

Ready to 
some extent Ready Completely 

ready

4 (4.9%) 66 (81.5%) 11 (13.6%) 45 (65.2%) 10 (14.5%) 7 (10.1%) 2 (2.9%) 5 (7.3%)

Main reason 
for getting 

vaccine 
(n =150)

Mandatory (forced to take it) Get over COVID-19 in the 
country Important for health

41 (27.3%) 33 (22.0%) 76 (50.7%)

Vaccines taken 
(n = 81)

Sinopharm Pfizer AstraZeneca Johnson & 
Johnson Moderna Sinovac Sputnik V N/A

31 (39.2%) 19 (23.5%) 15 (18.5%) 4 (4.9%) 1 (1.2%) 1 (1.2%) 1 (1.2%) 8 (9.9%)

Main reasons for fear of vaccine (n = 150) No To some extent Very much

Worried about effectiveness 69 (46.0%) 34 (22.7%) 47 (31.3%)
Worried about short-term adverse effects 61 (40.7%) 40 (26.7%) 49 (32.7%)
Worried about long-term adverse effects 55 (36.7%) 35 (23.3%) 60 (40.0%)

Afraid that the vaccine is still under investigation/trial 67 (44.7%) 32 (21.3%) 51 (34.0%)
Worried the vaccine might worsen multiple sclerosis 46 (30.7%) 29 (19.3%) 75 (50.0%)

Worried about injections and medical procedures 88 (58.7%) 24 (16.0%) 38 (25.3%)

N/A, data not available.

TABLE S4. Comparison of Participants Who Had Postvaccination Relapses vs Those Who Did Not

Relapse
n = 5 (6.2%)

No relapse
n = 76 (93.2%) P*

Age 40.6 ± 1.95 (38.0-43.0) 35.82 ± 10.37 (19.0-57) .305

Gender
	– Male
	– Female

1 (20%)
4 (80%)

17 (22.3%)
59 (77.7%)

.260

Duration 9.3 ± 4.63 (4.5-14.0) 5.71 ± 4.74 (0.08-22.0) .918

Phenotype
	– RMS
	– PMS

4 (80%)
1 (20%)

62 (81.6%)
14 (20.8%)

.433

DMT used
	– First-line

∙ INF-βa1 IM (Avonex®)
∙ INF-βa1 SC (Rebif®)
∙ INF-βb1SC (Betaferon®)
∙ Dimethyl fumarate (Marovarex®)
∙ Teriflunomide (Aubagio® or Pexonamide®)

	– Second-line
∙ Fingolimod (Gilenya®)
∙ Ocrelizumab (Ocrevus®)
∙ Rituximab (MabThera®)
∙ Other (eg, azathioprine)

1 (20%)
-
-
-

1 (20%)
-

4 (80%)
1 (20%)

-
1 (20%)
2 (40%)

26 (34.2%)
3 (3.9%)
9 (11.8)

8 (10.5%)
5 (6.6%)
1 (1.3%)

34 (44.7%)
17 (22.4%)

5 (6.6%)
8 (10.5%)
4 (5.3%)

.168

DMT type
	– Immunomodulatory
	– Immunosuppressants

1 (20%)
4 (80%)

20 (26.4%)
40 (52.6%)

.042

Received CST before vaccine? 3 (60%) 5 (6.6%) .162

Relapse the month before vaccination? 4 (80%) 4 (5.3%) .072

CST, corticosteroids; DMT, disease-modifying treatment; IM, intramuscular; SC, subcutaneous. 
*Statistically significant P < .05.


