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Introduction
Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), the causative agent of coronavirus 
disease 2019 (COVID-19), has caused a devastating 
disease with high rates of morbidity and mortality 
spreading all over the world.1

It is not known how immunization against SARS-
CoV-2 affects patients with multiple sclerosis (MS) 
and whether the vaccination might induce immuno-
logical response that can activate the disease. The 
exact mechanisms through which autoimmune 
reactions can be triggered by vaccination are not 
understood, although they probably vary according 
to the type of vaccine and individual genetic 
susceptibility.2,3

Vaccines are considered safe for MS patients. 
Regarding the effects of vaccination on disease activ-
ity, MS was reported to worsen following various live 
attenuated or inactivated vaccines like yellow fever and 
H1N1 swine flu vaccine4,5 though a recent small study 
was reassuring.6 Recent literature reviews summariz-
ing the role of vaccines regarding the risk of develop-
ing MS and MS relapse reported no change in the risk 
of developing MS after vaccination against hepatitis B 
virus, human papillomavirus, seasonal influenza, mea-
sles-mumps-rubella, variola, tetanus, Bacillus 
Calmette–Guérin (BCG), polio, typhoid fever, or diph-
theria. No change in risk of MS relapse was found for 
influenza, while for many other vaccines, there is cur-
rently insufficient evidence to assess the risk of post-
vaccine relapse.7,8
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The lipid nanoparticle-formulated Pfizer-BioNTech 
COVID-19 (BNT162b2) vaccine is a new type of 
vaccine, based on nucleoside-modified mRNA vector 
vaccine encoding the prefusion spike glycoprotein of 
SARS-CoV-2.9 Currently, there is no data related to 
efficacy and safety of the vaccine in patients with MS.

In this study, we evaluated the adverse event profile 
and immediate risk for acute MS relapses in MS 
patients who received COVID-19 vaccination. In this 
study, we aimed to shed light on whether the innova-
tive mRNA COVID-19 vaccination in patients with 
MS is associated with increased rates of adverse 
events, determine factors related to the safety 
response, and evaluate whether vaccination increased 
immediate disease activity.

Methods

Establishing communication during the 
COVID-19 pandemic
During the early phase of COVID-19 pandemic, we 
established an educational program aimed to provide 
updated medical information related to COVID-19 
infection, safety concerns, and treatment decisions 
for MS patients treated and followed in our MS 
Center. The program was initiated in mid-March 
2020 when the COVID-19 pandemic spread in Israel, 
and many patients searched guidance and medical 
advice. During the following months, we set up a
communication network with patients via face-to-face 
meetings, Zoom meetings, teleconferences, webinars, 
and explanatory lectures via the Internet. Using this net-
work, we initiated in early December 2020 a campaign 
to the MS community stressing the importance of vac-
cination. The campaign was a part of the initiative of the 
health authorities in Israel that promoted COVID-19 
vaccine suggesting to the population that vaccination is 
the order of the day and the only solution to overcome 
the devastating SARS-CoV-2 infection. In accordance, 
we established the following recommendations to 
MS-treating neurologists regarding COVID-19 vacci-
nation for MS patients: (1) promote vaccination for all 
untreated MS patients; (2) promote vaccination for MS 
patients treated with beta-interferons, natalizumab, or 
glatiramer acetate; (3) perform pre-vaccination lympho-
cyte count for patients treated with Fingolimod, 
Dimethyl fumarate, Teriflunomide, Alemtuzumab, 
Ocrelizumab, and Cladribine (for future evaluation of 
vaccination success and proper immune response under 
low (<1000) lymphocyte count), and regardless of the 
lymphocyte count, patients were recommended to be 
vaccinated without stopping their immunomodulatory 
treatment; (4) vaccinate patients recently treated with 

B-cell depletion therapies like Alemtuzumab, 
Ocrelizumab, and Cladribine, at least 3 months after the 
last treatment; and (5) postpone vaccination for patients 
who have recently received high-dose steroids due to 
acute relapse until 1 month after the steroid treatment.

COVID-19 vaccination
Patients received two intramuscular injections, 
21 days apart, delivered in the deltoid muscle. Each 
injection contained 30 μg of BNT162b2 (0.3 mL vol-
ume per dose). Patients with previous COVID-19 dis-
ease were not vaccinated.

Study design
This study is an observational study.

Data collection
Our planned target was to vaccinate 500 MS patients 
(~12% of the whole MS Center population), to achieve 
a large enough cohort to study the adverse events pro-
file and occurrence of immediate relapses following 
COVID-19 vaccination. Patients were approached ran-
domly after prioritization for age and appropriate time 
interval related to B-cell depletion therapies. In accord-
ance, 750 MS patients were contacted by phone, 
emails, WhatsApp, or face-to-face encounters, and 574 
agreed and received the first vaccine dose, yielding a 
compliance rate of 76.5%. Demographic, clinical, and 
medications data were obtained from electronic health 
records using the Sheba MS Computerized Database 
Registry. The digital database was updated to include 
COVID-19-related metrics consisting of the date of 
administration of first and second vaccine doses, symp-
toms following each vaccine dose according to a pre-
specified list comprising the occurrence of any of the 
following: (1) no vaccine-associated symptoms; (2) 
pain at the injection site; (3) fever; (4) muscle and/or 
joint pain; (5) flu-like symptoms; (6) fatigue and/or 
general weakness; (7) headache; (8) dizziness; (9) gas-
trointestinal symptoms, for example, nausea, vomiting, 
or diarrhea; (10) face tingling; (11) facial weakness; 
(12) post-vaccination COVID-19 infection; (13) acute 
MS relapse; and (14) worsening of MS symptomatol-
ogy. As the dates for the first and second vaccine doses 
were pre-scheduled, data were collected within 
7–21 days after each vaccine dose by the treating neu-
rologists during face-to-face encounters, contact using 
emails, phone calls, or WhatsApp application. 
Specifically, use of WhatsApp was a continuation of 
the interactive networking between physicians and 
patients developed during the COVID-19 pandemic. 
Patients were systematically queried about 
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the occurrence of any adverse events, the severity of 
symptoms, and the duration they persisted. In the event 
of a possible relapse or sustained neurological worsen-
ing, patients underwent neurological examination to 
verify or exclude the event. Vaccination dates were pre-
planned with prioritization of older patients and 
patients scheduled to receive B-cell depletion thera-
pies. Data cut-off date for vaccinations was set to 3 
February 2021, and cut-off date for safety evaluations 
and relapse assessment was set to 10 February 2021.

Ethics
The study was approved by the Sheba Medical Center 
Institutional Review Board. Each patient record was 
coded anonymously to ensure confidentiality during 
statistical analyses and the need for informed consent 
was waived.

Statistical analysis
Categorical variables were described as frequency and 
percentage, and continuous variables were reported by 
their median and interquartile range (IQR). Descriptive 
data analyses were performed using Python software 
(version 3.0). For the evaluation of relapse rate follow-
ing the vaccine, we used historical controls and a group 
of MS patients who were not vaccinated within the 
comparable time periods.

Results

Patient population
COVID-19 vaccination was administered to 574 MS 
patients followed in our MS Center between 21 
December 2020 and 3 February 2021. Nineteen 
patients (3.4%) with missing data were excluded from 
the analysis. A total of 555 patients, 65.6% female, 
74.6% treated with various immunomodulatory drugs 
(IMDs), received the first BNT162b2 vaccine injec-
tion, and of them, 435 patients, 65.3% female, 74.9% 
treated, received the second vaccination by the 
defined cut-off date. Demographic and clinical data of 
vaccinated MS patients are presented in Table 1.

Safety
No events of anaphylaxis or life-threatening 
responses occurred immediately after either the first 
or second doses of vaccination. There was a report of 
death in a 52-year-old male patient with a long-stand-
ing MS and severe disability (Expanded Disability 
Status Scale (EDSS) = 9.0), indwelling catheter and 
percutaneous endoscopic gastrostomy for the last 

4 years. He lived in a caring facility and was found 
dead in his bed after a night sleep, 21 days after the 
second vaccination. The patient had no comorbidi-
ties, but was hospitalized several times during the 
preceding year due to urinary sepsis and pressure 
sores in his buttocks and right leg. We do not think 
the death of this severely ill patient was related to the 
vaccination, and it is important to note that based on 
data from the UK Office for National Statistics, for 
every 100,000 doses given to people aged 80 years or 
over, around 200 people die of natural causes within 
a week.10 The safety profile of COVID-19 vaccine in 
MS patients reported within a median of 38 days after 
the first BNT162b2 vaccination dose and 20 days 
after the second dose was characterized by short-
term, mild-to-moderate adverse events, none neces-
sitating hospitalization. Overall, these adverse events 
were transient and resolved within a few days after 
onset. The frequency of patients with any adverse 
event was 29.7% and 40.2% after the first and second 
doses, respectively. None of the patients declined the 
second vaccine because of ill effects after the first 
dose. The most common reported adverse events 
were local pain at the injection site, fatigue, head-
aches, muscle or joint pain, and flu-like symptoms 
manifested as either fever, chills or a combination of 
both. After the second dose, the frequency of fatigue, 
headaches, muscle or joint pain, and flu-like symp-
toms increased, while local pain at the injection site 
slightly decreased. The list of common adverse 
events reported by MS patients following each dose 
of COVID-19 vaccine is presented in Table 2.

Both local and systemic events were reported more 
often by younger patients (18–55 years of age) than 
by older patients (more than 55 years of age), by 
patients with lower disability (EDSS ⩽3.0) than by 
patients with moderate (EDSS = 3.5–5.5) or severe 
(EDSS ⩾6.0) disability, and by IMD treated MS 
patients than by untreated patients, and more often 
after dose 2 than dose 1 (Figure 1(a)–(c)).

SARS-CoV-2 infection
Between the first dose and the second vaccination 
dose, three patients (0.5%) were infected by SARS-
CoV-2; all had no or mild symptomatology. These 
patients were tested for SARS-CoV-2 RNA by naso-
pharyngeal swab because they were in close contact 
with a subject that was identified as COVID-19 posi-
tive. According to the Health Care Policy in Israel, 
infected subjects need to report the people they were 
in contact with and the identified subjects are than 
tested. No SARS-CoV-2 infections were reported 
after the second vaccination dose.
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MS worsening
Worsening of MS symptomatology defined as tran-
sient increase in MS symptoms following vaccination 
(pseudo-relapse) was reported in 2% of patients after 
the first vaccination dose and in 4.8% of patients after 

the second vaccination dose, was short-term, lasting 
1–2 days, and mainly associated with the flu-like 
symptomatology. We noted in few patients the occur-
rence of face tingling that quickly resolved. No symp-
tomatology of facial palsy was recorded.

Table 1. Clinical and demographic variables of patients with multiple sclerosis who received COVID-19 vaccination.

First COVID-19 
vaccination dose

Second COVID-19 
vaccination dose

Study population 555 435*

Duration of follow-up at data cut-off date, days  

Median 38 20

25–75 IQR 33–43 15–22

Gender, n (%)  

 Female 364 (65.6) 284 (65.3)

 Male 191 (34.4) 151 (34.7)

Age group, n (%)  

 18–55 years 370 (66.7) 274 (63)

 >55 years 185 (33.3) 161 (37)

Disease duration, years  

Median 15.2 16.0

25–75 IQR 8.2–22.5 8.4–23.4

Disability by EDSS, n (%)  

 ⩽3.0 294 (53) 224 (51.5)

 3.5–5.5 118 (21.3) 93 (21.4)

 ⩾6.0 143 (25.8) 118 (27.1)

Disease type, n (%)  

 RIS 4 (0.7) 3 (0.6)

 CIS 24 (4.3) 15 (3.4)

 RRMS 388 (69.9) 306 (70.3)

 SPMS 91 (16.4) 71 (16.3)

 PPMS 48 (8.6) 40 (9.2)

IMD treatment, n (%)  

 Untreated 141 (25.4) 109 (25.1)

 Beta-interferons (1a and 1b) 59 (10.6) 50 (11.5)

 Glatiramer acetate 16 (2.9) 14 (3.2)

 Teriflunomide 44 (7.9) 33 (7.6)

 Dimethyl fumarate 65 (11.7) 46 (10.6)

 Natalizumab 52 (9.3) 43 (9.9)

 Fingolimod 35 (6.3) 27 (6.2)

 Ocrelizumab 62 (11.1) 49 (11.3)

 Alemtuzumab 25 (4.5) 18 (4.1)

 Cladribine 32 (5.8) 28 (6.4)

 Rituximab 7 (1.2) 4 (0.9)
 IVIg 17 (3.0) 14 (3.2)

EDSS: Expanded Disability Status Scale; IQR: interquartile range; IMD: immunomodulatory drug; IVIg: intravenous 
immunoglobulin immunoglobulin; RIS: Radiologically Isolated Syndrome; CIS: Clinically Isolated Syndrome; RRMS: Relapsing 
Remmiting Multiple Sclerosis; SPMS: Secondary Progressive Multiple Sclerosis; PPMS: Primary Progressive Multiple Sclerosis.
*At the date of data cut-off, only 435 received the second vaccine dose; 109 patients did not complete the 21 days of inter-dose 
interval; 3 patients were infected by SARS-CoV-2 after the first vaccine dose; and 8 patients experienced an acute MS relapse and 
their second vaccine dose was postponed.

https://journals.sagepub.com/home/msj


Multiple Sclerosis Journal 27(6)

868 journals.sagepub.com/home/msj

Acute relapses
Within 10–19 days following the first vaccination 
dose, eight patients presented with an acute relapse 
(2.1% of the 388 vaccinated RRMS patients), and 
within 14–21 days following the second vaccine dose, 
five patients (1.6% of the 306 vaccinated RRMS 
patients) presented with an acute relapse. It is of note 
that 36 patients (6.5%) who received the first vaccine 
dose, and 57 patients (13.1%) who received the sec-
ond vaccine dose were followed less than 14 days, and 
therefore, the rate of acute relapse following the vac-
cine could be higher than recorded. Analysis of the 
rate of relapsing-remitting MS patients who presented 
with an acute relapse during the corresponding peri-
ods in 2017, 2018, 2019, and 2020, disclosed that the 
rate of acute relapses in non-vaccinated MS patients, 
calculated as the number of patients who presented 
with an acute relapse divided by the number of relaps-
ing-remitting patients followed in the corresponding 
time period, was 2.7%, 2.9%, 2.6%, and 2.3%, 
respectively.

Discussion
In this study, we evaluated whether COVID-19 vac-
cination is associated with increased rates of adverse 
events and whether vaccination increased immediate 
acute relapse disease activity. Our findings demon-
strated that MS patients had similar rates of adverse 
reactions to what has been reported in the general 
population following BNT162b2 vaccination against 
SARS-CoV-2 infection.11

The reported adverse events were more common 
after the second dose than after the first dose, how-
ever to a much lesser extent in the MS population, 
suggesting that MS patients do not show higher risk 
for vaccine-induced adverse events. We also studied 
whether age, disability, or IMD treatment were con-
tributing factors that determine the safety response 
following vaccination.

The most commonly reported systemic events in 
COVID-19 vaccinated non-MS population were 
fatigue and headache (59% and 52%, respectively);11 
in our MS population, fatigue was reported only in 
20%, and headache in 9%, both after the second dose, 
among younger vaccine recipients. Although fatigue 
is a common complaint in many MS patients, rate of 
fatigue associated with COVID-19 vaccination was 
lower in more disabled patients.

Fever was reported after the second dose by 15% of 
younger MS patients and by 8% of older patients, 
while in the non-MS subjects, the rates were 16% and 
11%, respectively. Similar to younger MS patients, 
adverse events were more commonly reported by less 
disabled patients and by IMD treated patients. This 
distribution suggests that younger MS patients tend to 
be less disabled and more treated and therefore the 
worse adverse event profile in mainly attributed to 
age.

After the first vaccine dose, three patients had evi-
dence of SARS-CoV-2 infection, and none were 

Table 2. Adverse events reported in MS patients following COVID-19 vaccination.

First COVID-19 
vaccination dose

Second COVID-19 
vaccination dose

Study population 555 435

Any adverse events, n (%) 165 (29.7) 175 (40.2)

Pain at the injection site 89 (16) 62 (14.2)

Fever/chills, flu-like symptoms 11 (2) 52 (11.9)

Fatigue 51 (9.2) 69 (15.9)

Headache 25 (4.5) 32 (7.3)

Muscle or joint pain 13 (2.2) 40 (9.2)

Infection with SARS-CoV-2 after vaccination, n (%) 3 (0.5) 0

New or worsening neurological symptomatology, n (%) 11 (2) 21 (4.8)

Face tingling 3 (0.5) 5 (1.1)

Acute MS relapses, n (%)* 8 (2.1) 5 (1.6)

Time to relapse, days  

Median 16 15
Range 10–19 14–21

MS: multiple sclerosis.
*Calculated as the number of patients who presented with an acute relapse out of the vaccinated group of RRMS patients.
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reported after the second dose suggesting a high vac-
cine efficacy, although longer follow-up is recom-
mended to better evaluate the longevity of the early 
observed protection by the vaccine. This is especially 
of importance for patients treated with B-cell deple-
tion therapies or Fingolimod that are known to develop 
weaker immune response to non-live vaccines like 
tetanus toxoid, pneumovax, and influenza.12–14

Although this study included a large cohort of MS 
patients, the limitation of our findings relates to the rela-
tively short follow-up period. This could result in lower 
rate of adverse events and immediate relapses, as 6.5% 
and 13.1% of patients were follows less than 14 days 
after the first and second vaccine doses, respectively.

BNT162b2 COVID-19 vaccine, in contrary to the 
above-mentioned vaccines, is RNA-based vaccine con-
taining mRNA that encodes the SARS-CoV-2 full-
length spike, modified by two proline mutations to lock 
it in the prefusion conformation. Therefore, the risk of 
integration with the host cell genome is avoided, and as 
the viral mRNA is transiently expressed, the vaccine is 
expected to produce high immunogenicity associated 
with favorable safety profile. Indeed, vaccinated MS 
patients did not show increased disease activity and the 
rate of relapsing patients was similar to that of non-
vaccinated patients during the corresponding periods in 
the last 4 years. Taken together, our findings provide 
safety information related to COVID-19 vaccination in 
patients with MS and support to recommendation to 
promote and not to delay vaccination during the still 
expanding SARS-CoV-2 pandemic.
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