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Abstract
The potential impact of disease-modifying therapies (DMTs) for multiple sclerosis (MS) on COVID-19 vaccination is poorly 
understood. According to recent observations, the humoral immune response could be impaired in patients treated with ocre-
lizumab or fingolimod. Our study evaluated the immunogenicity and safety of mRNA COVID-19 vaccines in a convenience 
sample of 140 MS patients treated with different DMTs, undergoing vaccination between April and June 2021. Humoral 
immune response was tested 1 month after the second dose, using a chemiluminescent microparticle immunoassay to detect 
IgG against SARS-CoV-2 nucleoprotein. We explored the potential correlation between the IgG titer and DMTs. All patients 
in treatment with first-line DMTs, natalizumab, cladribine, and alemtuzumab, developed a measurable humoral response. In 
patients treated with ocrelizumab and fingolimod, the IgG level was significantly lower, but only some patients (22.2% for 
fingolimod and 66% for ocrelizumab) failed to develop a measurable humoral response. In the ocrelizumab group, the IgG 
level was positively correlated with the time from last infusion. No SARS-CoV-2 infections were reported after vaccination. 
The most reported side effects were pain at the injection site (57.1%) and fatigue (37.9%). No patient experienced severe side 
effects requiring hospitalization. Our study confirms that COVID-19 vaccination is safe and well-tolerated in MS patients 
and should be recommended to all patients regardless of their current DMTs. Since fingolimod and ocrelizumab could reduce 
the humoral immune response, in patients treated with these drugs, detecting SARS-CoV-2 antibodies could be helpful to 
monitor the immune response after vaccination.

Keywords Multiple sclerosis · Disease-modifying therapies · COVID-19 · Vaccination · Humoral response · 
Immunogenicity

Introduction

Severe acute respiratory syndrome coronavirus type-2 
(SARS- CoV-2) is the causative agent of coronavirus infec-
tious disease 2019 (COVID-19). This complex and multi-
systemic syndrome has spread around the world starting in 
November 2019 affecting, to date, 176 mln of people, with 
3.8 mln of death [1].

Although innovative therapeutic protocols were intro-
duced to support COVID-19 patients, leading to a signifi-
cant reduction in death and severe complications, the real 
breakthrough was the optimization of primary prevention 
strategy based on global vaccination campaigns, in combina-
tion with established measures to reduce person-to-person 
transmission. To date (July 2021), four vaccines have been 
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approved by regulatory agencies in Europe: two mRNA vac-
cines encoding protein S and two adenoviral vector-based 
vaccines. The use of mRNA-vaccines (BNT162b2-Pfizer-
BioNTech; mRNA-1273-Moderna) has spread rapidly 
worldwide because of the safety profile, the comparatively 
low cost of production, the capability of rapid development, 
and the higher efficacy [2].

Both national and international MS societies and expert 
opinions [3] encouraged vaccination for people with MS. 
Nevertheless, many people with MS (pwMS) are worried 
about COVID-19 vaccination, and a small but significant 
part of them (about 20%) still refused it [4, 5]. The main 
concern regards the possibility that disease-modifying thera-
pies (DMTs) can negatively influence the safety and efficacy 
of COVID-19 vaccines.

Current evidence regarding the effect of DMTs on vac-
cine responses shows that some drugs can numb humoral 
immune responses to various vaccine types [6]. Particularly, 
pwMS taking cell-depleting agents (ocrelizumab, rituximab, 
ofatumumab, alemtuzumab, and cladribine) may probably 
have a milder vaccine response, especially if received dur-
ing the maximum cell depletion period [7]. However, to 
date, only a few data about safety and efficacy of COVID-
19 vaccines in pwMS people are available. Chilimuri et al. 
published the first report of vaccine failure in a patient with 
relapsing–remitting MS on ocrelizumab that developed 
severe COVID-19, 19 days after receiving the last dose of 
the BNT162b2-Pfizer-BioNTech vaccine [8].

Achiron et al. evaluated the safety of the BNT162b2-
Pfizer-BioNTech COVID-19 vaccine in a cohort of MS 
patients in follow-up at MS center of Tel-Aviv (Israel) that 
received vaccination between December 2020 and January 
2021 [9]. Five hundred fifty-five MS patients received the 
first dose of BNT162b2 vaccine, and 435 received the sec-
ond dose. They reported three cases of SARS-CoV-2 infec-
tion after the first dose and no cases after the second dose. 
The safety profile of COVID-19 vaccine was similar to that 
observed in general population, and the incidence of relapses 
was similar to the rate in non-vaccinated patients.

The humoral response, mediated by B cell activation, 
provides a long-term immunologic memory and could be 
measured using the titer of antibodies against SARS-CoV-2 
[10]. Although the significance of SARS-CoV2 antibodies 
testing is not yet clear, some evidence has suggested that 
they may have a protective role, together with T and B lym-
phocytes [11].

Achiron et al. tested the humoral immune response to the 
BNT162b2-Pfizer-BioNTech COVID-19 vaccine in a group 
of 125 pwMS (untreated or under treatment with fingolimod, 
cladribine, or ocrelizumab) compared to 47 healthy subjects 
similarly vaccinated [12]. They found that healthy controls, 
untreated MS patients, and MS patients under cladribine 
developed protective humoral immunity while only 22.7% 

of patients treated with ocrelizumab and 3.8% of patients 
treated with fingolimod demonstrated a protective humoral 
IgG response.

Since then, few case reports or small case series have con-
firmed these data, but, to our knowledge, no further prospec-
tive studies have been published so far about the safety and 
immunogenicity of COVID-19 vaccines in pwMS [13–16].

In our study conducted in a cohort of 140 PwMS, we 
tested immune response through IgG titer against Spike-
RBD S1 protein, detected in a blood test performed about 
30 days after the second vaccine injection. We also looked 
for a possible relationship between IgG production and 
different DMTs taken. Finally, we evaluated the adverse 
event profile related to SARS-CoV-2 mRNA vaccine 
administration.

Methods

Study design and participants

This is a multicentric, observational, prospective, cohort 
study conducted at three MS centers of Rome, Italy (Uni-
versità Campus Bio-Medico, Fondazione Policlinico Univer-
sitario “A. Gemelli” IRCCS, and San Filippo Neri Hospital).

PwMS who were scheduled for the follow-up visit at their 
MS center between 26 April 2021 and 4 June 2021 were 
contacted by their neurologist and were informed about 
the study procedure and aims. In particular, the following 
inclusion criteria were considered: (1) diagnosis of MS 
according to the 2017 McDonald Criteria [17]; (2) complete 
COVID-19 vaccination (with BNT162b2-Pfizer-BioNTech 
or mRNA-1273-Moderna) completed in the previous month.

Patients who agreed to participate underwent the routine 
neurological visit 1 month after the second vaccine dose. 
After signing a written informed consent, we collected a 
blood sample to assess the titer of SARS-CoV-2 IgG anti-
bodies. Subsequently, patients answered a questionnaire 
about eventual adverse events experienced after vaccination.

Demographics (age, gender), last laboratory findings 
(leukocyte and lymphocyte count, lymphocyte subpopula-
tions), and clinical (MS type and duration, EDSS, DMTs 
exposure, medications) data were obtained from electronic 
health records of MS Centers.

All participants gave their written informed consent. This 
study was performed according to the declaration of Hel-
sinki and was approved by the Local Ethics Committee.

COVID‑19 vaccination

Vaccination against SARS-CoV-2 in Italy started at the 
end of 2020: frail patients, including pwMS, could receive 
the Pfizer-BioNTech COVID-19 (BNT162b2) vaccine. All 
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patients received two doses (30 μg, 0.3 mL each) adminis-
tered intramuscularly, 3 weeks apart [18]. Then, the Moderna 
vaccine (mRNA-1273), similar in the biological mechanism 
to the Pfizer one, was also authorized among risk groups; two 
doses (100 μg, 0.5 mL each) are administered intramuscularly 
28 days apart.

According to guideline recommendations of the Italian 
Society of Neurology (SIN) and Italian Association for Mul-
tiple Sclerosis (AISM) (https:// www. aism. it/ racco manda zioni_ 
aggio rnate_ sul_ covid_ 19_ le_ perso ne_ con_ scler osi_ multi pla_ 
sm# vacci nazio ni), all pwMS were recommended to be vacci-
nated against COVID-19 without stopping their current DMTs; 
patients treated with alemtuzumab, rituximab, and ocrelizumab 
were recommended to be vaccinated at least 12 weeks after 
DMTs administration or 4–6 weeks before DMT administra-
tion, if possible.

Detection of SARS‑CoV‑2 IgG antibodies

The detection of SARS-CoV-2 IgG antibodies in blood sam-
ples was performed using a chemiluminescent microparticle 
immunoassay for quantitative and qualitative detection of IgG 
against SARS-CoV-2 nucleoprotein (Spike-RBD S1) (SARS-
CoV-2 IgG II for use with ARCHITECT; Abbott Laboratories, 
Abbott Park, IL, USA; ref: 6S60-22). The assay was performed 
following the manufacturer’s instructions, 1 month after the 
second dose. The humoral response was considered positive 
when the IgG titer was > 7.1 BAU/mL. All blood samples were 
analyzed at Università Campus Bio-Medico.

Statistical analysis

Continuous variables were described as mean ± standard 
deviation unless otherwise specified. Dichotomic or cat-
egorical variables were expressed as frequencies. The rela-
tion between a positive SARS-CoV-2 IgG titer and MS 
therapy was explored with a chi-squared test while we used 
the Kruskal–Wallis test to evaluate eventual differences of 
the median SARS-CoV-2 IgG titer with respect to DMT 
exposure. In ocrelizumab patients, we assessed the relation 
between the SARS-CoV-2 IgG titer and the time from last 
DMT infusion through Pearson’s correlation analysis. All 
two-tailed p-values < 0.05 were considered significant. Data 
were analyzed using the Statistical Package for Social Sci-
ences, version 22.0 (IBM SPSS, Inc., Chicago, Ill., USA).

Results

Participants

We enrolled 140 MS patients from 26 April 2021 and 4 June 
2021. Baseline demographic and clinical characteristics are 

reported in Table 1. Women included in the cohort were 97 
(69.3%), and mean age was 43.5 years. Most of the patients 
had a relapsing disease course (88.6%), and the median 
EDSS score was 2.0 (range 1.0–3.0). Only four patients had 
a previous history of COVID-19 infection (2.9%). All but 
two patients received the BNT162b2 vaccine. Median time 
from the last vaccine dose to blood sampling was 31 days. 
Most patients (90%) were in treatment with DMTs at the 
time of vaccination. Among patients not in treatment at the 
time of vaccination (N = 14), 9 had never been treated with 
DMTs, 3 were treated with interferon (interrupted in 2006, 
2008, and 2019, respectively), 1 was in treatment with glati-
ramer acetate until 2020, and 1 was in treatment with aza-
thioprine until 2013.

Clinical and demographic data for each DMT group are 
reported in Table 2. We do not find any statistically sig-
nificant difference regarding sex and MS disease course. By 
contrast, patients on teriflunomide are older when compared 
to the other groups, and patients on second-line treatment 
(fingolimod, ocrelizumab, natalizumab, and alemtuzumab) 
have higher EDSS scores.

Humoral immune response

Four patients had a previous history of COVID-19 infec-
tion and were excluded for the following analysis since 
prior infection could have affected the antibody titer. At the 
time of vaccination, two patients were on treatment with 
glatiramer acetate, one with dimethyl fumarate, and the last 
one was treatment naïve. All of these patients had a positive 
humoral response.

One hundred eighteen (86.8%) patients developed a posi-
tive humoral response (IgG titer > 7.1 BAU/mL) against 
SARS-CoV-2, and the mean IgG titer was 1508 BAU/mL 
(± 1627). Table 3 shows the humoral immune response after 
vaccination, based on the last DMT. Only some patients 
treated with fingolimod (n = 4, 22.2%) and ocrelizumab 
(n = 14, 66.0%) had a SARS-CoV-2 IgG titer below the limit 
of positivity (p < 0.01, chi-squared test). Moreover, patients 
treated with fingolimod and ocrelizumab had significantly 
lower IgG levels against SARS-CoV2 than the other groups 
(p < 0.01, Kruskal–Wallis test; Fig. 1).

To better estimate the reduction of the humoral response 
in the fingolimod and the ocrelizumab groups, we put 
together all the patients from the untreated and the first-line 
DMTs (glatiramer acetate, interferons, dimethyl fumarate, 
teriflunomide) groups (n = 66), and we estimated the thresh-
old of the lowest quartile (25th percentile; IgG titer = 746 
BAU/mL). None of the patients from the ocrelizumab group 
have a IgG titer against SARS-CoV-2 above this threshold, 
while three patients (16.6%) of the fingolimod group have 
an IgG titer higher than 746 BAU/mL.
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In the ocrelizumab group, we found a significant positive 
correlation between the IgG levels and the time from last 
infusion to vaccination (r = 0.44, p = 0.026) (Fig. 2). The 
median time from the last ocrelizumab infusion to the first 
dose of vaccine was 4.9 months.

We did not find a significant correlation between total 
lymphocyte count (nor with lymphocyte subtypes including 
CD4 + , CD8 + , and CD19 + cells) and SARS-CoV-2 IgG 
titer in the ocrelizumab and the fingolimod groups.

Patients in treatment with alemtuzumab and cladribine 
had a very long-time interval from last DMT administration 
to vaccination (33.6 months for alemtuzumab and 12.5 for 
cladribine) with no patient with less than 6 months between 
last DMT exposure to vaccination.

Safety

Ninety-two patients (65.7%) experienced at least one side 
effect after vaccination (Table 4). The most frequent was pain 
at the injection site (57.1%), followed by fatigue (37.9%), 
myalgia (27.1%), fever (23.6%), and headache (15.7%). While 
local side effects (including pain, erythema, and swelling) had 
a similar incidence after both injections, systemic symptoms 
such as fatigue, fever, myalgia, and arthralgia were more 

frequent after the second vaccine administration. No patient 
experienced severe side effects requiring hospitalization or 
unusual adverse events.

SARS‑CoV‑2 infection

No SARS-CoV-2 infections were reported during the follow-
up period (1 month after the second vaccination dose).

Discussion

This convenience sample of pwMS vaccinated against 
SARS-CoV-2 between April and June 2021 confirmed that 
mRNA vaccines are safe and well-tolerated and produced 
a protective humoral response in most of them (87.1%).

We did not find any unusual side effect, and no patient 
reported a severe adverse event. Similarly to a previously 
described Israeli experience, our data showed that mRNA 
vaccines against SARS-CoV2 are generally well-tolerated 
in MS patients and that side effects are more frequent after 
the second dose, as for the general population [19].

For the first time, in our study, we evaluated the 
humoral response to mRNA vaccines against SARS-CoV2 

Table 1  Baseline characteristics

All values are reported as mean (standard deviation) unless indicated otherwise
EDSS  Expanded Disability Status Scale, IQR interquartile range, MS multiple sclerosis, DMTs disease-
modifying therapies

MS patients
n = 140

Female sex, n (%) 97 (69.3)
Age, years 43.5 (12.7)
EDSS score, median [IQR] 2.0 [1.0–3.0]
MS course, n (%)
Relapsing
Progressive

124 (88.6)
16 (11.4)

Previous SARS-CoV2 infection, n (%) 4 (2.9)
Vaccine type
Pfizer BNT162b2
Moderna mRNA-1273

138 (98.6)
2 (1.4)

Time from vaccination to blood sample (days), median [IQR] 31 [29–35]
IgG anti-SARS-CoV2 titer (BAU/mL) 1522.3 (1616.3)
IgG anti-SARS-CoV2 titer (BAU/mL) after excluding patients with previous SARS-CoV2 infection 1508.6 (1627.4)
IgG titer above the positivity limit, n (%) 122 (87.1)
IgG titer above the positivity limit after excluding patients with previous SARS-CoV2 infection, n (%) 118 (86.8)
Any side effect, n (%) 92 (65.7)
DMTs, n (%)
No treatment
Glatiramer acetate
Inferferons
Dimethyl fumarate
Teriflunomide
Fingolimod
Ocrelizumab
Natalizumab
Alemtuzumab
Cladribine
Azathioprine

14 (10.0)
11 (7.9)
7 (5.0)
23 (16.4)
11 (7.9)
18 (12.9)
25 (17.9)
18 (12.9)
10 (7.1)
2 (1.4)
1 (0.7)
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in a real-life cohort of MS patients that was extremely 
heterogeneous regarding the MS treatment, including both 
patients treated with first-line DMTs (such as interferon, 
glatiramer acetate, dimethyl fumarate, teriflunomide) and 
patients treated with high-efficacy DMTs (such as cladrib-
ine, ocrelizumab, alemtuzumab, natalizumab, and fingoli-
mod). Indeed, previous studies have exclusively focused 
on patients treated with high-efficacy DMTs such as clad-
ribine, ocrelizumab, fingolimod [12–16], natalizumab 
[20], and alemtuzumab [21].

Our data demonstrate that MS patients treated with oral 
or injectable first-line DMTs or natalizumab developed a 
measurable humoral response following the COVID-19 
vaccine that was similar to untreated patients.

Moreover, in our cohort, all patients treated with alem-
tuzumab, azathioprine, and cladribine mounted an ade-
quate humoral response to the vaccine. However, for all 
the patients in the alemtuzumab and cladribine groups, 
the time from last DMT administration to the vaccine was 
greater than 1 year. Therefore, our data could suggest that 
these drugs do not reduce the response to the vaccine after 
long-term exposure. Still, we cannot advise the minimum 
time between the last administration of these drugs and 
the vaccination. We have to acknowledge that the num-
ber of patients in treatment with these DMTs included in 
this study was very low, especially for azathioprine and 
cladribine (1 and 2, respectively), thus preventing us from 
drawing definite conclusions.

Finally, we found that in some patients treated with 
ocrelizumab or fingolimod, the humoral immune response 
to the COVID-19 vaccine is impaired. Indeed, patients 
treated with these drugs had significantly lower IgG levels 
against SARS-CoV2 than the other groups, and some of 
them (22% in the fingolimod group and 66% in the ocre-
lizumab group) failed to develop a significant humoral 
response. Our data confirm other reports including a large 
cohort from Israel and few case reports or small case 
series [12–16]. Moreover, the recently published data of 
the VELOCE trial showed a reduced humoral response 
to standard inactivated vaccines in MS patients treated 
with ocrelizumab [22]. The B-cell depletion, induced by 
ocrelizumab, could reduce the production of neutraliz-
ing antibodies against SAR-CoV-2 that prevent the virus 
from entering the cell or lyse the infected cells. This might 
explain the observations where ocrelizumab was associ-
ated with more severe forms of COVID-19 [23, 24]

Taken together, these findings demonstrate that ocreli-
zumab and fingolimod can negatively influence the humoral 
response to COVID-19 vaccination, thus suggesting a lim-
ited efficacy in vaccinating pwMS in treatment with such 
DMTs.

However, some aspects should be considered before using 
these data to change the current guidelines that recommend Ta
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Table 3  Vaccine response based on DMTs exposure

All values are reported as mean (standard deviation) unless indicated otherwise
We excluded patients with previous infection from “IgG anti-SARS-CoV2 titer” and “IgG titer above the positivity limit” columns
DMTs disease-modifying therapies
* p < 0.01

IgG anti-SARS-CoV2 titer IgG titer above the positivity 
limit, n (%)

Any side effect, 
n (%)

Time from last drug infusion/intake 
to vaccination (months)

No treatment (14) 1359 [736–3130] 13 (100) 11 (78.6) NA
Glatiramer acetate (11) 931 [706–1877] 9 (100) 7 (63.6) NA
Interferons (7) 2858 [1890–3814] 7 (100) 7 (100) NA
Dimethyl fumarate (23) 1931 [743–3860] 22 (100) 18 (78.3) NA
Teriflunomide (11) 968 [306–2710] 11 (100) 8 (72.7) NA
Fingolimod (18) 53 [8–168]* 14 (77.8)* 8 (44.4) NA
Ocrelizumab (25) 5 [1-20]* 11 (44.0)* 12 (48.0) 4.9 (1.4)
Natalizumab (18) 2022 [1012–3728] 18 (100) 15 (83.3) 0.6 (0.3)
Alemtuzumab (10) 2133 [1338–3127] 10 (100) 5 (50) 33.6 (11.7)
Cladribine (2) 1041 2 (100) 1 (50) 12.5 (10.9)
Azathioprine (1) 2426 1 (100) 0 (0) NA

Fig. 1  Post-vaccination SARS-CoV-2 IgG antibody titer by DMTs. The horizontal line represents the positivity limit for a positive humoral 
response (IgG titer > 7.1 BAU/mL)
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vaccination to all people with MS regardless of their current 
DMTs.

First, according to available data, the humoral response 
among pwMS receiving these drugs is extremely variable. 
For instance, in our cohort, the proportion of patients in 
treatment with fingolimod or ocrelizumab who developed 
a protective IgG titer following COVID-19 vaccination was 
higher than reported from Achiron et al. (78% vs 3.8% for 
fingolimod, 34% vs 22.7% for ocrelizumab) [12]. Guerri-
eri et al. also reported similar results (62.5% for fingolimod 
and 37.5% for ocrelizumab) [13]. This difference could be 
explained, at least in part, by the different sensitivity of the 
methods used for antibody detection [25].

Secondly, although some patients exposed to ocrelizumab 
or fingolimod mounted a reduced humoral response, we 
cannot exclude the possibility of an adequate and protec-
tive immunological cell-mediated response to vaccination 

as suggested by a few case reports, and further studies are 
ongoing to clarify this aspect [26].

Our data demonstrated a positive and significant cor-
relation between the antibody titer and the time from last 
ocrelizumab infusion to vaccination, thus suggesting that 
an extended interval dosing protocol could improve vaccine 
performance in these patients. Moreover, recent studies 
found that an extended interval dosing protocol does not 
reduce the effectiveness of ocrelizumab treatment [27].

Finally, it has been recently demonstrated that in immu-
nosuppressed patients for solid-organ transplantation, the 
administration of a third dose of the BNT162b2 vaccine sig-
nificantly improves the immunogenicity of the vaccine [28]. 
As of this writing, no data have been published for pwMS, 
but the administration of additional doses of COVID-19 vac-
cine in patients in treatment with fingolimod or ocrelizumab 
could be considered.

Fig. 2  Correlation between SARS-CoV-2 IgG titer and time from last ocrelizumab infusion to vaccination. We find a significant positive correla-
tion between those two variables (r = 0.44, p = 0.026). SARS-CoV-2 IgG titer is reported with a logarithmic scale
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Our study has some limitations. First, the sample is relatively 
small, and the number of patients in each medication group is 
relatively low (especially for cladribine and azathioprine). 
Second, we did not assess the immunological cell-mediated 
response to vaccination that could significantly contribute to 
anti-SARS-CoV-2 immunity, especially in patients that did not 
develop a humoral response. Moreover, we did not specifically 
measure the titers of neutralizing antibodies. Even if the serol-
ogy test used in our study is highly correlated to neutraliza-
tion activity [29], we do not know to what extent patients’ IgG 
levels detected in the sera actually confer a protective humoral 
response. Finally, we did not require pre-vaccination serologi-
cal tests for participants. Although we recorded in our database 
COVID-19 cases, we cannot exclude a previous asymptomatic 
infection that could influence the serological response.

The most important strengths of our study are the pro-
spective and multicentric design with the antibody detection 
that was centralized and performed at fixed time points using 
the same methodology for all patients.

Conclusions

Our study confirms that COVID-19 vaccination is safe and 
well-tolerated in pwMS and should be recommended to all 
patients regardless of their current DMTs. Indeed, accord-
ing to our data, patients in treatment with oral or injectable 
first-line DMTs, natalizumab, cladribine, and alemtuzumab 
develop a measurable humoral response. Some patients in 
treatment with fingolimod and ocrelizumab could have a 
reduced humoral response. Accordingly, in patients treated 
with these drugs, the detection of SARS-CoV-2 IgG antibod-
ies following vaccination and the administration of a third 
dose of vaccine could be considered. Further studies are 
required to confirm these results in larger samples, to clarify 
the role of cell-mediated immunity in vaccine response.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s13311- 021- 01165-9.

Required Author Forms Disclosure forms provided by the authors are 
available with the online version of this article.
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