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ABSTRACT

Vaccines prevent infections in patients with multiple sclerosis (MS). Though recommendations 
regarding vaccinating patients with MS have been recently published, real-world data regarding 
vaccines’ planning in patients receiving disease-modifying drugs (DMDs) for MS are missing. Our aim 
was, therefore, to describe vaccination coverage rates, timing-proposal and safety in real-life vacci-
nating patients with MS undergoing DMDs before the start of the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) vaccination campaign. Patients followed at our MS-center were referred 
to individualized immunization-programs customized to Italian recommendations, patients’ risks, 
immunity to exanthematic diseases, ongoing DMDs, or therapy-start urgency. Disease-activity stated 
the need for an essential immunization-cycle, whose core was composed by four vaccines: menin-
gococcal-B, pneumococcal conjugated, Haemophilus influenzae B, and meningococcal-ACWY vac-
cines. Vaccines were administered prior to the planned DMD-start when possible, inactivated- 
vaccines >2 weeks and live-vaccines >4 weeks before treatment-start. Patients received a 6-months 
clinical-/radiological-follow-up after immunization. One-hundred and ninety-five patients were vac-
cinated between April 2017 and January 2021. 124/195 (63.6%) started a vaccination-program before 
therapy-start/-switch and 108/124 (87.1%) effectively completed immunization before new therapy- 
start without any delay. The time needed for immunization-conclusion reached a median of 27 
(confidence interval 22) days in 2020. No increase in clinical-/radiological-activity 3-/6-months after 
immunization was noted. In conclusion, our study confirmed feasibility and safety of a vaccination- 
protocol in patients with MS whose duration resulted in a median of 27 days.
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Introduction

Despite the fundamental role of vaccines in preventing 
serious infections in at-risk patients1, solid data regarding 
the achievement of a complete immunization in patients 
with multiple sclerosis (MS) are missing2. A modified 
Delphi consensus conducted to generate recommendations 
regarding efficacy, safety, and timing of vaccines (live, 
inactivated, or recombinant) in MS patients both untreated 
and receiving disease modifying drugs (DMDs) or gluco-
corticoids was recently published3. Nevertheless, real-life 
data regarding vaccinations’ planning in patients receiving 
DMDs for MS are missing, especially in terms of starting 
a new therapy as soon as possible in presence of disease- 
activity. Moreover, hesitancy regarding vaccinations still 
exists among patients with MS due to insufficient knowl-
edge and misconceptions about vaccination and suboptimal 
vaccine promotion by health-care professionals4, and this 
might represent a challenging issue in the context of 

massive vaccination protocols as those linked to the recent 
severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV-2) outbreak.

Therefore, we present the results of a real-world, single- 
center study aimed at describing immunization-program, tim-
ing-proposal, safety, and vaccination coverage rates (VCRs) in 
vaccinating patients with MS undergoing approved DMDs 
before the start of SARS-CoV-2 vaccination campaign.

Methods

Patients followed at our MS-center were referred to an immu-
nization-program at the vaccination-center of our Hygiene Unit.

Individualized programs were customized according to 
Italian recommendations5 and considering patients’ risks, vac-
cination history, lack of immunity to measles, mumps, rubella 
(MMR), and varicella zoster virus (VZV), influenza immuniza-
tion period, ongoing DMDs, or therapy-start urgency. In par-
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ticular, clinical-relapses (a neurological symptom lasting ≥24 
h) and magnetic resonance imaging (MRI) activity (≥1 new 
lesion, with or without gadolinium-enhancement) within 
3-months before vaccination and a therapy-switch defined 
the need for an essential and shorter cycle. The essential 
immunization program’s core was composed by four vaccines 
starting with meningococcal-B vaccine, due to its 1-month 
lasting cycle, followed by pneumococcal conjugated (PVC- 
13), Haemophilus influenzae B (HiB) and meningococcal- 
ACWY vaccines. Other vaccinations, such as human papilloma 
virus (HPV), hepatitis B/A, MMR, VZV, and diphtheria- 
tetanus-pertussis (dTap) were considered individually in 
regard to age, serology, risk-factors, exposure, ongoing 
DMDs, and therapy-start immediacy.

With regard to the immunization-timing, vaccines were 
administered prior to the planned DMD-start when possible. 
In particular, inactivated-vaccines were administered >2 weeks 
and live-vaccines >4 weeks before treatment-start6, despite 
product-information requirements that some drugs recom-
mend longer intervals. In case of high-level of immunosup-
pression (e.g. anti-CD20 therapy), vaccinations other than 
influenza were started at normalization of CD19+ 
B-lymphocytes at immunophenotype, if feasible.

Adverse events (AEs), clinically monitored during the vac-
cination-cycle by questionnaires administered retrospectively 
at neurological follow-up visits, were described as injection- 
related (local pain, fever, myalgias, etc.) or disease-related. 
Clinical relapses and MRI-activity were monitored at 3 and 6  
months after the end of it.

Patient’s history was retrieved from clinical-visits records 
and biochemical/radiological reports.

All patients signed an informed consent form, agreeing to 
the use of their data for clinical research.

Results

In total, 195 patients with MS were referred for vaccination 
between April 2017 and January 2021, before the start of SARS- 
CoV-2 vaccines’ campaign. Their demographic and clinical 
features are summarized in Table 1, section a).

Out of 195 patients, 124 (63.6%) started a vaccination-schedule 
before therapy-start/-switch; their treatment-status before vacci-
nation-start is outlined in Table 1, section b). Among these 
patients, 108 (87.1%) effectively completed immunization before 
the beginning of the new therapy, and even though 38 (35.8%) of 
them had a relapse within 3 months before immunization, the 
majority of them (35/38, 92.1%) still received vaccination before 
treatment-start, without any deferral. Out of the remaining 16 
patients that could not proceed on time, 4 (25.0%) could complete 
immunization because of disease-activity.

The remaining 71 out of 195 patients (36.4%) underwent 
vaccination during an ongoing therapy, with the purpose of 
increasing their protection during treatment or to complete the 
vaccination-schedule while on a first-line therapy, in prepara-
tion for a possible switch. We highlight that most patients were 
on second-line therapy and 41 (57.7%) on anti-CD20 therapy.

Figure 1 shows VCRs of the study population, including 
documented vaccination previously received, including dTap. 
Pneumococcal and meningococcal vaccines were often the first 
administered owing to the longer schedule (specifically, 
meningococcal-B serotype).

In regard to additional vaccination to our vaccination’s 
core, 88 (45.1%), 15 (7.7%), 53 (27.2%) and 10 (5.1%) patients 
received at least one dose of dTap, HPV, and hepatitis-B/A 
vaccines, respectively. Concerning MMR vaccine, 12 of the 58 
(20.7%) who needed vaccination having no therapy or timing 
contraindications got vaccinated with at least one dose. Sixteen 
out of 160 (10%) resulted not completely vaccinated or with 
serological negativity/weak positivity against VZV and 9 
(5.6%) patients received at least one VZV vaccine dose.

Table 1. (a) Demographic and clinical features of our study population; (b) Clinical 
details of the patients addressed to a switch.

Demographics and disease-related data of the study 
population (N = 195)

Age at vaccination-start, Mean (±SD; range; IQR), years 41.7 (11.6; 17.0– 
73.0; 34–51)

Female patients, N (%) 126 (64.6)
Disease duration at vaccination-start, Mean (±SD), years 9.4 (10.0)
Clinical phenotype at vaccination-start

RRMS, N (%) 137 (70.1)
SPMS, N (%) 29 (14.9)
PPMS, N (%) 29 (14.9)

EDSS at vaccination-start, Median (IQR) 3.0 (1.5–4.0)
Clinical relapse within 3 months before vaccination, 

N (%)
38 (19.5)

MRI activity within 3 months before vaccination, N (%) 45 (23.1)
Comorbidities ≥ 3, N (%) 26 (13.3)
Number of naïve patients at vaccination-start, N (%) 36 (18.5)
Number of patients treated with a DMT at vaccination- 

start
First line DMT, N (%) 59 (30.3)
Second line DMT, N (%) 58 (29.7)
Previously treated but off-treatment for > 1 year, 

N (%)
42 (21.5)

Number of past DMTs, Mean (±SD; range) 1.0 (1.0; 0–6)
Actual therapy

Naïve, N (%) 12 (6.2)
1st-line DMT, N (%) 17 (8.7)
2nd-line DMT, N (%) 166 (85.1)

Clinical details of the patients addressed to a switch 
(N = 124)

Treatment condition
Naïve, N (%) 51 (26.2)
Fingolimod, N (%) 15 (7.7)
Interferon, N (%) 12 (6.2)
Dimetilfumarate, N (%) 12 (6.2)
Natalizumab, N (%) 11 (5.6)
Copaxone, N (%) 10 (5.1)
Alemtuzumab, N (%) 6 (3.1)
Cladribine, N (%) 2 (1.0)
Teriflunomide, N (%) 2 (1.0)
Azathioprine, N (%) 2 (1.0)
Rituximab, N (%) 1 (0.5)

Reasons to switch (n = 124–51, 73)
Lack of efficacy 37 (50.7)
Intolerance 15 (20.5)
Disease progression 10 (13.7)
High-risk JCV status 7 (9.6)
Pregnancy or other causes 4 (5.5)

SD = standard deviation; IQR = interquartile range; RRMS = relapsing-remitting 
multiple sclerosis; SPMS: secondary-progressive multiple sclerosis; PPMS: pri-
mary-progressive multiple sclerosis; EDSS = expanded disability status scale; 
MRI = magnetic resonance imaging; DMT = disease modifying therapy; JCV =  
John-Cunningham virus.
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To evaluate the feasibility of vaccination protocol, we ana-
lyzed the therapy-start-/switch and program’s completion 
timespans. The median time for therapy-switch was 65 with 
a 95% confidence interval (CI) of 32 days, while the vaccina-
tion-program had a core median duration of 40.5 (CI 42) days. 
Owing to the center’s growing expertise, we observed 
a reduction in the time needed to complete the program, reach-
ing a median of 27 (CI 22) days in 2020. No delay in therapy start 
was observed.

Regarding AEs, injection-related reactions were 
reported in nine patients (4.6%), showing an optimal tol-
erance profile comparable with other data7. Referring to 
the disease-course during the vaccination-cycle, two 
patients (1.0%) presented a clinical-relapse, while one 
patient (0.5%) had a radiological activity. Both patients 
who had clinical-relapse were clinically active within 3 
months before immunization. Three and 6 months after 
the completion of the program, two patients (1, 0.5%, 
and 1, 0.5%, respectively; 1.0% globally) presented 
a relapse and eight (4, 2.05%, and 4, 2.05%, respectively; 
4.10% globally) had MRI-activity; six out of these last 
eight patients (75.0%) with MRI-activity were already 
active 3 months before immunization-start.

Discussion

This real-world study aimed at describing a single-center experi-
ence in vaccinating a heterogeneous cohort of patients with MS 
on DMDs or with scheduled DMDs initiation and before the 
beginning of the SARS-CoV-2 vaccination campaign started.

We report an excellent tolerability-profile and no increase in 
the relapse-rate of our patients after any vaccination, confirm-
ing their safety8. Moreover, in our experience, a vaccination- 
protocol with a median of 27 days (CI 22), in accordance with 

B meningococcal vaccine schedule timing, was feasible and 
could allow immunization of MS-patients without delaying 
therapy-start.

Vaccinations are strongly recommended by both 
national and international scientific societies3,8 and time-
liness is crucial in those who are about to start long-term 
immunosuppressive therapy. In a previous study9 evaluat-
ing seroprotection/seropositivity rates for MMR in adults 
with an acquired immune-deficiency, we found 
a susceptibility rate of 21.6% in at least one of these 
infections. Therefore, since most MS-therapies can lower 
the immunological response to vaccinations2, a prompt 
vaccination-evaluation at diagnosis or before a vertical 
therapy-switch is encouraged10, and this was our approach 
in the majority (55.8%, 108/195) of our patients. 
Additionally, considering that most of the studies describ-
ing a reduced response to vaccines in patients with MS on 
DMDs focus on the mere humoral branch of immunity2, 
we addressed to immunization even for patients already 
treated and not in need of a switch, wishing to empower 
a possible, though not completely known yet, cellular 
response11.

Vaccines represent an issue of paramount importance, parti-
cularly nowadays in relation to the current SARS-CoV-2 pan-
demic and the novel vaccination strategies. Nevertheless, 
diffidence regarding vaccination safety among patients still exists 
and vaccination campaigns promoted by clinicians are 
suboptimal4, due to the concern of starting a DMD as soon as 
possible in case of clinical activity. Moreover, practical and real- 
world-based instruments to support the feasibility of vaccinating 
fragile patients as those affected by MS do not exist. Thus, our 
real-world study prompts confidence in health-care profes-
sionals in proper individualized vaccination schedule and in 
increasing awareness on the possibility of vaccinations within 
a therapy switch in patients with MS. In fact, though the 
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Figure 1. Vaccination coverage rates. PCV13 (13-valent pneumococcal conjugate vaccine); HiB (Haemophilius influenzae type B); MenACWY (Meningococcal group- 
A-C-W-Y); MenB (Meningococcal B); d1 = dose 1; d2 = dose 2; dTap (diphtheria-tetanus-pertussis).
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duration of the vaccination-cycle depends also on the number of 
required vaccines, our data suggest that a complete immuniza-
tion can be performed in less than a month and does not 
interfere with clinical management.

Unfortunately, we were not able to characterize the immuno-
logical response of our patients. In light of the paramount impor-
tance of this issue, further studies are needed to precisely describe 
all immunological memory arms in response to vaccination and 
to better define their efficacy within ongoing DMDs for MS.
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