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Abstract

Background: With the new highly active drugs available for people with multiple sclerosis (pwMS), vac-
cination becomes an essential part of the risk management strategy

Objective: To develop a European evidence-based consensus for the vaccination strategy of pwMS who
are candidates for disease-modifying therapies (DMTs).

Methods: This work was conducted by a multidisciplinary working group using formal consensus meth-
odology. Clinical questions (defined as population, interventions, and outcomes) considered all autho-
rized DMTs and vaccines. A systematic literature search was conducted and quality of evidence was
defined according to the Oxford Centre for Evidence-Based Medicine Levels of Evidence. The recom-
mendations were formulated based on the quality of evidence and the risk—benefit balance.

Results: Seven questions, encompassing vaccine safety, vaccine effectiveness, global vaccination strat-
egy and vaccination in sub-populations (pediatric, pregnant women, elderly and international travelers)
were considered. A narrative description of the evidence considering published studies, guidelines, and
position statements is presented. A total of 53 recommendations were agreed by the working group after
three rounds of consensus.

Conclusion: This first European consensus on vaccination in pwMS proposes the best vaccination strat-
egy according to current evidence and expert knowledge, with the goal of homogenizing the immuniza-
tion practices in pwMS.
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Introduction

Over the last years, there has been a relevant change
in the long-term prognosis of people with multiple
sclerosis (pwMS), mainly due to the regulatory
approval of a range of highly active immunotherapies
with mechanisms of action that include alteration of
lymphocyte trafficking, lymphocyte depletion and
disruption of lymphocyte replication. PwMS receiv-
ing these drugs may be at risk of reactivation of latent
pathogens, worsening of asymptomatic chronic infec-
tions, contracting de novo infections and experiencing
a more severe course of common infections.! For this

reason, individualized therapy must balance efficacy
and side effects and should incorporate a set of pre-
ventive strategies to minimize risks.

An important part of the infectious risks for pwMS
receiving highly active immunotherapies can be miti-
gated through vaccination. In the last few years, sev-
eral national guidelines,>* consensus statements,® and
review documents recommend vaccination in MS
patients who are candidates for immunosuppressant
drugs.®8 However, questions remain in clinical prac-
tice as to when and whether to introduce a particular
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vaccine and which disease-modifying therapies
(DMTs) can impact vaccine responses. In addition,
vaccine coverage rates have been reported to be lower
than desired for MS populations.?

The purpose of this consensus document is to assist
physicians, pwMS, healthcare providers, and health
policymakers in making decisions about the vaccina-
tion as part of the global prevention strategy of pwMS.
The recommendations represent an European expert
consensus based on current knowledge and best avail-
able evidence.

Methods

This document has been developed under the auspices
of the European Committee for Treatment and
Research in Multiple Sclerosis (ECTRIMS) and the
European Academy of Neurology (EAN), following a
formal consensus methodology. It covers efficacy,
safety, and vaccination strategy in untreated and
treated pwMS and particular sub-populations (chil-
dren, elderly, pregnant women, and international
travelers).!0:11

During a kick-off meeting in September 2020, an
expert committee was set up, comprising a steering
committee (involving six members with high exper-
tise in MS and vaccines) and a multidisciplinary core
working group composed of MS experts, vaccine
advisors, and a patient representative. The committee
identified the scope and topics formulating clinical
questions according to the population, intervention,
comparison, outcome mnemonic.

The clinical questions were informed according to a
comprehensive literature search, summary, and grad-
ing of the evidence using standards from the Oxford
Centre for Evidence-Based Medicine.!? For questions
1 and 2, the search was updated based on the previous
work in the French national guideline.? Searches in
MEDLINE (accessed through PubMed), EMBASE
(embase.com), and the Cochrane Central Register of
Controlled Trials (The Cochrane Library) were per-
formed up to April 2021. Complete search strings can
be found in Supplemental Appendix 1. Citations to
relevant studies were also tracked through the Web of
Science (Clarivate Analytics). Reviews were only
considered if they reported pooled analysis from orig-
inal studies. For questions 3 to 7, the search also com-
prised relevant published guidelines on immunizations
for MS and other autoimmune conditions treated with
immunosuppressive drugs and pertinent information
from the European Public Assessment Reports of the
European Medicine Agency (EMA).

Study eligibility was pre-defined for each clinical
question (Supplemental Appendix 2). DMTs and vac-
cines authorized by the EMA at the time of publica-
tion were considered. Due to the fast-changing
developments on vaccination against severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2)
infection, this document does not include specific rec-
ommendations for these vaccines that can be found in
recent documents.!3-15 However, this recent evidence
has expanded the overall knowledge on MS and
immunizations and, therefore, is taken into account to
indirectly support the recommendations for other vac-
cines. Finally, pwMS receiving hemopoietic stem cell
transplantation (HSCT) were not considered in this
consensus either, and specific guidance on immuniza-
tion post-HSCT can be consulted elsewhere. !¢

The formulation and agreement of the recommenda-
tions were done using the modified Nominal Group
Technique, which is a highly structured procedure,
based on iterative ratings with feedback, to reach con-
sensus in a small group of experts on topics for which
expert opinion is relevant.!! The evidence was presented
and discussed within the expert committee members
and other invited discussants during the ECTRIMS
focused workshop on “Risk of Infections in MS DMTs”
held on April 2021. As a result, the first set of state-
ments was circulated to the core working group mem-
bers for a first round of voting through email, using a
9-point Likert-type scale, with a pre-defined 80% level
of agreement. A follow-up virtual face-to-face meeting
was held in June 2021 to discuss those statements for
which consensus was not reached in the first round. The
revised statements/recommendations were submitted
for agreement in a further round of voting through
email. The manuscript was submitted for external
review and endorsement by eight ECTRIMS council
members, the EAN scientific committee and represent-
atives of the Multiple Sclerosis International Federation
and the European Multiple Sclerosis Platform.

Results and recommendations

Safety and efficacy of vaccines

Question 1: Are vaccines associated with an increased
risk of triggering exacerbations and/or disability
worsening in pwMS? Fifteen studies met the eligibil-
ity criteria, 1 of them investigated the risk of MS
exacerbation following any vaccination,!” and 14
studies addressed safety concerns related to individ-
ual vaccines (hepatitis B, tetanus, influenza, BCG,
varicella, tick-borne encephalitis (TBE), rabies, and
yellow fever).!83! Evidence on the safety of TBE,
rabies, and yellow fever vaccination will be reviewed
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in Question 7. Details on the methodology, level of
the evidence and results of the included studies are
available in Supplemental Appendix 3.

The Vaccines in Multiple Sclerosis study (level 4)!7
evaluated the relative risk (RR) of relapse associated
with vaccination in 643 patients with MS and showed
no risk of relapse after exposure to any vaccine of 0.71
(95% CI 0.40-1.26) or to individual vaccines such as
influenza, hepatitis B or the combined diphtheria teta-
nus vaccine (RR 1.08; 95% CI 0.37-3.10, RR 0.67,;
95% CI 1.20-2.17 and RR 0.22; 95% CI 0.05-0.99,
respectively).!” Six additional studies, two of them
placebo-controlled trials, have evaluated vaccines
against seasonal influenza and/or HINT strain.!$-23 All
but one?’ failed to show a link between seasonal and/
or HINI1 influenza vaccination and MS relapses and
changes in the expanded disability status scale (EDSS).

The safety of the BCG vaccine was evaluated in two
different studies by Ristori ef al: a single crossover
MRI-monitored study (level 3),2*% and a double-
blind placebo-controlled trial (level 2).25 Both studies
reported a decrease in the frequency of gadolinium
(Gd)-enhancing lesions and active lesions (new/
enlarging T2-hyperintense lesions and total
Gd-enhancing lesions) in the post-vaccination period
and fewer cumulative number of relapses.

Only one study reported the absence of safety issues
of the varicella-zoster vaccine administered in 50
treatment-naive patients with progressive MS who
were seropositive to varicella before vaccination.3
However, the results are of limited value due to an
insufficient description of the data in the manuscript.

Conclusion. Overall, the data indicate that com-
monly administered vaccines such as influenza, tetanus,
or hepatitis B vaccines do not increase the risk of exac-
erbations and/or disability progression in MS. Similar
results have been observed following BCG vaccination.

Vaccine safety
Statements
Statement 1. In MS patients with or without DMT,
vaccines are not associated with an increased risk
of relapses.
Statement 2. In MS patients with or without DMT,
vaccines are not associated with an increased risk
of disability.
Statement 3. In MS patients with or without DMT,
the benefit of immunization greatly outweighs any
potential risks.
Statement 4. Inactivated vaccines can be safely
used in MS patients receiving DMTs.

Recommendations

Recommendation 1. Live attenuated vaccines can
be safely used in MS patients without DMTs or in
those receiving immunomodulatory treatments
(interferons or glatiramer acetate (GA)) but should
be avoided in patients receiving the following ther-
apies: dimethyl fumarate (DMF), teriflunomide,
sphingosine-1-phosphate modulators, natalizumab,
cladribine, alemtuzumab, or anti-CD20 monoclo-
nal antibodies.

Question 2a: Are vaccines as effective in treatment-
naive pwMS as in the general population? Four stud-
ies evaluated the immunogenicity of vaccines in
treatment-naive pwMS; three of them focusing on
influenza vaccination,2°3334 and one on TBE?’ that
will be reviewed in Question 7. These studies showed
similar humoral responses to influenza vaccines with
a significant increase in the mean antibody titers after
vaccination in both pwMS and healthy individuals,
indicating that pwMS not receiving immunotherapies
can mount similar responses to those who do not have
MS. In addition, pwMS responded to influenza anti-
gens with higher proliferative responses of peripheral
blood lymphocytes than healthy subjects.2%-33 Details
on the methodology, level of the evidence, and results
of the included studies are available in Supplemental
Appendix 3.

Question 2b: What is the effectiveness of vaccines in
pwMS treated with DMTs?

Interferon-beta. The immunogenicity of vaccines
in pwMS treated with interferon-beta (IFN-f) has
been evaluated in six studies, all of them focusing
on influenza vaccination.?*3% In two cohort studies,
Olberg et al.’#35 (level 3) showed no significant dif-
ference in the influenza seroprotection rates at 10 and
12-month post-vaccination between pwMS receiving
IFN-B and healthy controls. More than 90% out of
46 pwMS treated with IFN-f achieved seroprotec-
tion for HIN1, H3N2, and B strains according to the
Teriflunomide and Vaccination (TERIVA; level 3)
study.?¢ In addition, two nonrandomized, open-label
studies (level 3) reported preserved humoral immune
response in the IFN-B and control groups.?’>% The
results of the five previous studies were meta-ana-
lyzed in a new study showing that pwMS receiving
IFN-B therapy do not have a meaningful reduction in
the likelihood of seroprotection to influenza vaccina-
tion (OR 1.51; 95% CI 0.79-2.90).# More recently,
Metze et al. (level 3) found that following influenza
vaccination, pwMS treated with IFN-f had high sero-
protection rates (>84%) against HIN1, H3N2, and
B strains and developed protective antibody titers to
all three vaccine strains.’® Furthermore, as IFN-f3 has
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potent in vivo antiviral effects, it may even exhibit a
protective role against influenza infection.*04!

Glatiramer acetate. Three studies evaluated the
immunogenicity of influenza vaccines in pwMS
treated with GA.34353 Olberg et al.’> found lower
protective antibody titers in the GA group than in
the control group following seasonal influenza vac-
cination (58.3% vs. 71.2% for HIN1 and 41.7% vs.
79.5% for H3N2). This impaired response has not
been confirmed in any of the later studies, in which
no significant differences were observed for patients
treated with GA as compared to controls, in the rates
of protection against HIN1 strain at three, six and
12 months after vaccination®* or against HIN1, H3N2,
and B strains at 4 weeks after vaccination.?

Teriflunomide. The efficacy of vaccines in indi-
viduals receiving teriflunomide has been evalu-
ated in two studies. The multicenter, parallel-group
TERIVA study (level 3) involving 128 pwMS in three
arms (teriflunomide 7mg, teriflunomide 14mg, and
IFN-B groups) showed that the proportion of pwMS
meeting the European criterion for influenza vac-
cine efficacy ranged between 76.9% and 97.5% in
both teriflunomide treatment groups.’® A later rand-
omized, double-blind, placebo-controlled study (level
2) evaluating responses to neoantigen (rabies vaccine)
and recall antigens (Candida albicans, Trichophyton,
and tuberculin) in 23 healthy subjects treated with
teriflunomide, showed that all subjects achieved sero-
protective titers following rabies vaccination, despite
lower antibody levels in the teriflunomide group.*?
The responses to recall antigens did not differ notably
between groups.

Dimethyl fumarate. A single open-label, mul-
ticenter study (level 3) assessed the ability of 38
DMF-treated pwMS to respond to different vaccines
compared with non-pegylated IFN-treated pwMS.*3
Patients received: (1) tetanus-diphtheria toxoid (Td)
to test T-cell-dependent recall response, (2) pneu-
mococcal 23-polyvalent vaccine to test T-cell-inde-
pendent humoral response, and (3) meningococcal
oligosaccharide CRM 197 conjugate vaccine (groups
A, C, W-135, and Y) to test T-cell-dependent neo-
antigen response. The results demonstrated no sta-
tistically significant difference in the response rates
between groups to Td vaccination (68% vs. 73%),
pneumococcal serotype 3 (66% vs. 79%), pneu-
mococcal serotype 8 (95% vs. 88%), and menin-
gococcal serogroup C (53% vs. 53%).# Notably,
no meaningful differences were observed between
groups in the proportion of responders when strati-
fied by lymphocyte count.

Fingolimod (and other sphingosine-1-phosphate—
receptor modulators). The efficacy of vaccines in
pwMS treated with sphingosine-1-phosphate (S1P)
receptor modulators has been evaluated in six studies
with Fingolimod,?*3%#+7 and one with siponimod.*
In a small prospective observational study (level 3)
patients receiving fingolimod, were able to mount
similar cellular and antibody responses to influenza
vaccine, regardless of lymphopenia (mean lymphocyte
counts in fingolimod-treated pwMS were 64% of the
lower normal range) as compared to controls.** The
number of influenza-specific interferon-y-secreting T
cells was not significantly different between groups
after vaccination. Similarly, the proportion of subjects
fulfilling seroprotection criteria for influenza A and B
was similar in both groups at 7, 14, and 28 days follow-
ing vaccination.** Consistent results were observed in
arandomized, placebo-controlled parallel-group study
(level 2) with similar T-cell dependent and independ-
ent antibody responses in fingolimod and placebo
healthy volunteers following immunization with
neoantigens (keyhole limpet hemocyanin [KLH] and
pneumococcal polysaccharides vaccine [PPV-23]) and
a recall antigen (tetanus toxoid [TT]).*> More recently,
Mehling et al.*¢ (level 3) evaluated the avidity of the
immunoglobulin (Ig) G response targeting influenza
A and B before and after influenza vaccination in 10
pwMS treated with fingolimod and compared it to 10
pwMS receiving IFN-B and 15 healthy controls. A
significant vaccine-induced increase in the avidity of
influenza-specific IgG was seen in pwMS treated with
IFN-B and in healthy controls but not in fingolimod-
treated pwMS, suggesting that despite comparative
titers antibody responses are likely to be qualitatively
influenced by fingolimod.*¢ Further studies all showed
reduced responses in patients treated with Fingoli-
mod. In a randomized, multicenter, placebo-controlled
study (level 2) the responder rates for influenza and TT
booster vaccines in fingolimod-treated pwMS were
significantly reduced compared to placebo at 3 weeks
(OR 0.21; 95% CI 0.08-0.54 for influenza and OR
0.43; 95% CI 0.20-0.92 for TT) and at 6 weeks post-
vaccination (OR 0.25; 95% CI 0.11-0.57 for influenza
and OR 0.25; 95% CI 0.11-0.57 for TT).#’ Similarly,
a prospective cohort study (level 3)3* reported sero-
protection rates of 22.2% against HIN1 at 12 months
post-vaccination compared with 50% in untreated
pwMS and 70.4% in healthy controls.

Only one study (level 2) has evaluated the effects of
siponimod on influenza and PPV-23 vaccine responses
in 120 healthy subjects.*® The results showed
that=70% of participants achieved seroprotection
HINT and H3N2 and, = 90% for PPV-23, concluding
that siponimod had a limited effect on the immune
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response following influenza or PPV-23 vaccinations
in healthy persons.*8

Natalizumab. Five studies evaluated the immuno-
genicity of influenza vaccines in pwMS treated with
natalizumab with heterogenous results.3#3%3949:50 The
two studies by Olberg et al.>*35 showed that pwMS
treated with natalizumab had an attenuated humoral
response to influenza vaccination, compared to those
exposed to INF-f or healthy controls. In line with these
findings, Metze et al.’ showed that pwMS receiving
natalizumab had lower seroprotection rates (14.3%)
against all three influenza strains (HIN1, H3N2, and
B) than pwMS treated with IFN-f (73.3%). In contrast
to the previous results, a small cohort study (level 3)
showed similar humoral responses between 17 pwMS
treated with natalizumab and 10 healthy controls at 4,
8, and 12 weeks following vaccination with trivalent
influenza vaccine (A-HIN1/A-H3N2/B).# The pro-
portion of responders to TT and KLH immunizations
was also similar in the presence and absence of natali-
zumab according to a randomized, multicenter, open-
label study (level 2).°°

Alemtuzumab. A single pilot case—control study
(level 4) examined antibody responses to four com-
mon vaccines (diphtheria, tetanus, poliomyelitis
vaccine, Haemophilus influenzae type b, meningo-
coccal group C conjugate vaccine, and PPV-23) in
24 patients who received alemtuzumab between 1.8
and 86 months before vaccination (median 18).5! All
patients had seroprotective levels of antibodies to
tetanus and diphtheria after vaccination, and =95%
against polio. Similarly, seroprotection rates to Hae-
mophilus influenzae type b and meningococcal group
C were also high (100% and 91%, respectively).’! In
addition, two-fold responses to pneumococcal 3 and
8 serotypes after alemtuzumab were similar to pub-
lished rates. Although immune responses to common
vaccines were preserved after alemtuzumab, vaccina-
tion within 6 months of treatment resulted in a smaller
proportion of responders.3! This study lacked a com-
parison group of untreated pwMS.

Cladribine. A single small study of 14 patients
enrolled in MAGNIFY-MS trial provides prelimi-
nary evidence that patients taking cladribrine tablets
are able to mount and maintain effective humoral
responses against influenza and varicella vaccines,
regardless of timing after treatment administration or
total lymphocyte count.*2

Anti-CD20 therapy. One study specifically inves-
tigated the efficacy of vaccines in pwMS treated with
anti-CD20 therapies. In the VELOCE study (level 2),

Bar-Or et al.? evaluated antibody responses to influ-
enza, TT, PPV-23, and KLH in pwMS treated with
ocrelizumab. Response rates were assessed at 4- and
8 weeks post-vaccination, which corresponds to 16
and 20 weeks post-ocrelizumab dosing, respectively.
Ocrelizumab-treated pwMS are approximately half
as likely to mount an antibody response against tet-
anus toxoid vaccine (23.9% ocrelizumab vs. 54.5%
controls) and about two thirds less likely to mount
an antibody response to 12 or more pneumococcal
serotypes (37.3% ocrelizumab vs. 97.1% controls).>?
Seroprotection rates at 4weeks against 5 influenza
strains ranged from 55.6% to 80% in the ocrelizumab
group and 75% to 97% in the control group.>

No studies evaluating the efficacy of vaccines in pwMS
treated with rituximab or ofatumumab were found.
Indirect evidence available for patients with rheuma-
toid arthritis resulted in decreased antibody responses
to pneumococcal polysaccharide vaccine and KLH.>*
Similarly, a small study of 26 patients with neuromyeli-
tis optica spectrum disorder (NMOSD) showed
decreased responses to the HIN1 influenza vaccine in
those receiving rituximab.>> A systematic review of the
literature on vaccine responsiveness in patients (includ-
ing noncancer and cancer populations) receiving anti-
CD20 therapy concluded that (1) vaccination appears
safe in patients on anti-CD20 therapies; (2) the humoral
response to vaccination in patients on active anti-CD20
therapy is low and approaches 0%; (3) anti-CD20 ther-
apy lowers patients’ vaccine response beyond the
impact of their disease or other treatments, and (4)
response to vaccination improves incrementally over
time but may not reach the level of healthy controls
even 12 months after therapy.3

Mitoxantrone and other DMTs. In the cohort study
by Olberg et al.,> none of the 11 mitoxantrone-treated
pwMS vaccinated during the influenza pandemic in
2009 showed protective antibody titers to HINI.
There are no published studies investigating the effi-
cacy of vaccines in pwMS treated with other DMTs
such as, cyclophosphamide, methotrexate, azathio-
prine, and mycophenolate.

Further details on the methodology, level of the evi-
dence, and results of the previous studies are available
in Supplemental Appendix 3.

Conclusion and further data from COVID-19 vac-
cines. PwMS receiving IFN-B, GA, DMEF, and teri-
flumomide mount an appropriate immune response to
vaccines. Substantial evidence is available for all
these DMTs and influenza vaccines, but also for other
commonly used vaccines such as tetanus-diphtheria,
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pneumococcal, meningococcal for DMF, and rabies
vaccine for teriflunomide. Recent data for COVID-19
vaccines confirms these results, showing no differ-
ences in post-vaccination seroconversion and anti-
body concentrations as compared to the untreated
controls.’7-%! For Teriflunomide, few studies involv-
ing a small number of patients also reported preserved
humoral responses to COVID-19 vaccines,38:62:63

In PwMS, fingolimod treatment reduced immune
responses to influenza and tetanus booster vaccines. In
healthy subjects, siponimod has a limited effect on the
efficacy of vaccinations with neoantigens. Consistently,
evidence for COVID-19 vaccines confirms a signifi-
cantly lower post-vaccination seroconversion, with
significantly lower concentrations of antibodies in
fingolimod-treated patients.®! In addition, the inter-
feron-gamma release assays in two studies suggested
decreased odds of positive T-cell response.’8:64

PwMS receiving natalizumab may have a reduced
response to influenza vaccination. However, it does
not seem to impair the humoral response to recall
immunization with TT. Data on the immunogenicity
to COVID-19 vaccine also support the presence of
preserved humoral and T-cell responses.©!

In alemtuzumab-treated pwMS, humoral responses to
vaccination with diphtheria, tetanus, poliomyelitis
vaccine, Haemophilus influenzae type b, meningo-
coccal group C conjugate vaccine and PPV-23 are
preserved, but vaccination within 6 months of alemtu-
zumab infusion could compromise responses. For
COVID-19 vaccines, studies based on a small number
of patients have also reported preserved seroconver-
sion rates.>’%:% However, there was a significant cor-
relation in the time from last treatment dosing to first
vaccine dose on post-vaccination IgG titers, explained
by the significant B- and T-cells depletion shortly
after the infusion.’® Similar preserved vaccine
responses to influenza, varicella vaccines have also
been reported for cladribine, according to limited evi-
dence. This is consistent with the data for COVID-19
vaccines®’% for which no impaired humoral responses
were observed for patients treated with Cladribine,
even in the small number of patients that were vacci-
nated within 4 weeks of their last cladribine dose.®®

PwMS treated with ocrelizumab have an attenuated,
humoral response to tetanus, pneumococcus and sea-
sonal influenza compared to those exposed to INF-f3 or
no therapy. These observations have been largely con-
firmed by the recent experience with the COVID-19
vaccine. All studies consistently report a reduced
humoral response to SARS-CoV-2 vaccination in

patients treated with anti-CD20.% The response was
dependent on the time since the last administration of
anti- CD20 treatment and the number of repopulated
B-cells at the time of vaccination.®” Booster doses did
not result in humoral immunization in the absence of
seroconversion following priming vaccination, unless
B-cells were reconstituted.®®® Extending the time
between the infusion of anti-CD20 monoclonal anti-
bodies and vaccination may result in improved vaccine
responses. Evidence also suggests that antigen- specific
T cell responses after vaccination are adequate despite
poor humoral responses, but whether T cell responses
alone translate into long-term effective protection
against SARS-CoV-2 remains unknown.”

Vaccine effectiveness
Statements
Statement 1. In MS patients without DMT or
those receiving interferons and GA, the achieved
protection after vaccination is similar to the gen-
eral population.
Statement 2. In people with MS receiving DMF,
teriflunomide, and natalizumab, the production of
antibodies can be lower compared to non-treated
patients or patients receiving interferons, but
patients achieve sufficient seroprotection.
Statement 3. In people with MS receiving sphin-
gosine-1-phosphate modulators and anti-CD20, the
antibody production is lower than in non-treated
patients or patients receiving interferons, and the
achieved seroprotection after vaccination can be
reduced.
Statement 4. There are limited data about the pro-
tection after vaccination in patients treated with
alemtuzumab and cladribine. However, due to the
drug’s mechanism of action, a reduced seroprotec-
tion could be expected until a complete immune
reconstitution is achieved.

Recommendations

Recommendation 1. People with MS receiving
some immunosuppressive therapies (sphingosine-
1-phosphate modulators, or anti-CD20 monoclonal
antibodies or alemtuzumab and cladribine before
immune reconstitution) should receive counseling
about the risk of diminished protection after vacci-
nation and the need to follow other protective strate-
gies against infections.

Immunization strategy

Question 3: What is the recommended immunization
strategy in pwMS before, during, and after immuno-
suppressive therapies?. The first guidelines on
immunizations in patients with MS published in
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2002 were developed by the Immunization Panel of
the MS Council for Clinical Practice Guidelines in
the American Academy of Neurology (AAN).” These
recommendations emphasized the importance of
vaccination for the prevention of infections and
highlighted the safety of the most commonly admin-
istered vaccines, thus recommending that patients
with MS and their household contacts should follow
the immunization schedule for the general adult pop-
ulation.” However, no specific recommendations
were made on the use of vaccines with the available
DMTs (i.e. injectable immunomodulatory treat-
ments). Newer DMTs that have more broad immu-
nosuppressive effects pose more challenges to
vaccination.® Patients with MS who are receiving
immunosuppressive therapies need to be risk
assessed by adopting an individualized, case-by-
case approach that differs significantly from the gen-
eral population, providing the rationale for specific
vaccination guidelines.

Currently, several guidelines and/or consensus,
including the updated version of the aforementioned
AAN guidelines, aim to provide recommendations
regarding vaccines in patients with MS, including
specific advice regarding vaccination safety and effi-
cacy in patients receiving -or going to receive- DMTs.
In the absence of solid evidence on the use of vac-
cines in pwMS, expert recommendations could help
in the decision-making process. In this regard, expert
groups from Italy, Spain, and France have published
consensus statements on this topic.27:72 The authors
of this European consensus statement have referred to
all previously published guidelines/consensus and all
data reviewed in questions 1, 2a, and 2b to generate
recommendations for this review question. The over-
all experience with the use of biologic/immunosup-
pressant agents in patients with other autoimmune or
autoinflammatory diseases was also considered, as
well as vaccination guidelines for patients with immu-
nosuppressive conditions (e.g. HIV and other
immunodeficiencies).’>-76

According to evidence reviewed in question 1, both
inactivated and attenuated vaccines are safe biologi-
cal products that can be administered in patients with
MS taking into account the specific contraindications
for live-attenuated vaccines in patients receiving
immunosuppressive therapies. Patients should be
appropriately immunized with routine vaccines,
(included in the adult vaccination schedule) plus
other specific ones, including those largely used in
case of immunosuppression, such as influenza and
pneumococcal and vaccines, and those with restricted
indications depending on the treatment and clinical

situation. It is also important to ensure a correct
immunization of the household contacts against com-
mon infectious agents for which the patients cannot
be immunized (i.e. live attenuated infections if
immunosuppressive therapy) or might have a partial
immune response (ie influenza).2¢ The recommended
vaccines for pwMS, schemes, and indications are
detailed in Table 1. The decisions about the optimal
timing for vaccination should consider the patient’s
clinical situation, the type of vaccine and DMT, the
relative need for rapid protection, the risk for subop-
timal response to vaccination, and the potential risk
of vaccine-induced side effects.® Specific caution is
needed when considering live attenuated vaccines in
patients with planned initiation of immunosuppres-
sive therapies. Details about the timing of live attenu-
ated vaccines for the different DMTs are available in
Figure 1(a) and Table 2.

Recommendations

Recommendation 1. An evaluation of the immu-
nization status is recommended for all MS patients,
regardless of initial therapeutic plans, as part of the
disease management strategy to minimize risks.
Recommendation 2. Care providers should
inform patients about the importance of immuniza-
tion and the risks of not vaccinating. Patients’
opinions, values, and preferences should be con-
sidered, including the possibility of declining vac-
cination, to define a personalized immunization
plan for each patient.

Recommendation 3. Vaccination should be per-
formed at the time of diagnosis or in the early
stages of the disease to prevent future delays in the
initiation of therapies.

Recommendation 4. In order to define the vacci-
nation plan, it is essential to:

a. Document the patient’s past, current, and, if
planned, future therapies.

b. Establish vaccination needs based on the
patient’s natural immunity, vaccine history, as
well as the results of the pre-vaccine serologic
tests: varicella, measles, mumps, rubella, teta-
nus, hepatitis B, and other infections according
to the local epidemiological context.

Recommendation 5. The specific vaccination
guidance according to the prescribing instruc-
tions for each of the DMTs should be followed,
considering the treatment-specific infectious
risks, the epidemiological context, and the local
immunization requirements.

Recommendation 6. In MS patients who are expe-
riencing a relapse, vaccination should ideally be
delayed until clinical resolution or stabilization.
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Table 1. Recommended vaccines in MS patients receiving disease-modifying drugs.

Vaccine Type Schedule Indications
General MS population Special MS sub-populations
Seasonal Inactivated. Single IM/SC dose every year ~ Annually, especially in case @ During any trimester
influenza Fractioned or of present/future IS and/or
subunits significant disability % Annually for all

From 6 months of age, in case

of present/future IS
Pneumoccocal:  Inactivated 13-PCV and 23-PPV (at least In case of present/future %
13-PCV 2 months apart) immunosuppression and/or PCV13 as age-appropriate and
23-PPV Qr significant disability* PPSV23 2months apart, in case of
20-PCV single-dose 20-PCV present/future IS
Tetanus- Inactivated; 3 IM doses (0,1, 6 months) in Same indications as in the e& dTap during the end of the
Diphtheria (dT)  tetanus and naive patients general population® second or the third trimester. Repeat
Tetanus- diphtheria toxoids Single IM booster dose in first during each pregnancy®
Diphtheria— vaccinated
pertussis (dTap)
Measles, Live attenuated 2 IM/SC doses given 4 weeks Recommended in

mumps, rubella
(MMR)

Varicella

Human

papillomavirus

Herpes zoster

Hepatitis B
virus

COVID-19
vaccine

Live attenuated

Inactivated
(recombinant)

Inactivated
(recombinant)f

Inactivated
(recombinant)

mRNA
Adenoviral vector
Inactivated
(recombinant
adyuvanted)

apart

2 IM/SC doses given 4 weeks
apart

3 IM doses at months 0, 2,
and 6

2 IM doses separated by
2—6 months

Regular vaccines 3 IM doses
at months 0,1,6

Enhanced immunity vaccines”
4 IM doses (0,1,2,6-

12 months) for high load
(40mcg) or adjuvanted (AS03)
2 IM doses (0,1 months) for
adjuvanted (CpG 1018)
Primovaccination with one or
two-dose schemel

Additional booster dosesk

seronegative patients
Complete 4 weeks before
immunosuppressiond
Recommended in VZV
seronegative patients.
Complete 4 weeks before
immunosuppressiond
Consider in women and men
with MS who will receive
treatment with ALZ, S1P
modulators, CLAD or anti-
CD20 drugs, independently
of their age®

Consider in patients aged
over 18 yearss if treatment
with CLAD, ALZ, S1P
modulator, NTZ, and anti-
CD20 drugs

Consider in high-risk!
seronegative patients,
especially if treatment with
anti-CD20 therapies

Recommended for all MS
patients

/J In seronegative, vaccinate
in the post-partum period before
initiating DMT.

/g In seronegative, vaccinate
in the post-partum period before
initiating DMT.

Ensure complete
immunization in all girls and boys®

& Especially indicated in those
receiving immunosuppressive
therapies

From 18 years of age

Ensure complete
immunization in all girls and boys®

8

{_@a During any trimester

mRNA vaccines, from 6 months
of age, in case of present/future IS

Patients under 18 years of age. % Patients of 60 years and older
a]13-valent pneumococcal conjugate vaccine (13-PCV, Prevenar 13®); 20-valent pneumococcal conjugate vaccine (20-PCV, Appenxnar®) Pneumococcal
polysaccharide vaccine (PPSV23, Pnaumovax®). Use following general recommendations for immunosuppression. Age and/or comorbidities should also be
considered in the indication of pneumococcal vaccination following guidelines applicable in each country. For children: routine vaccination with PCV13 as age-
appropriate and in children of at least 2 years of age administer PPSV23 2 months apart.

bFollowing national immunization schedules.

¢Unless national recommendations state otherwise.

(Continued)
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Table 1. (Continued)

dAlways avoid in MS patients who are already receiving the following immunosuppressive therapies (sphingosine-1-phosphate (S1P) modulators, anti-CD20
monoclonal antibodies and before immune restoration for cladribine and alemtuzumab). Ideally avoid in MS patients who are already receiving the following
immunosuppressive therapies (natalizumab, DMF and teriflunomide without lymphopenia). In these patients and in very exceptional cases, such as high risk
of infection, vaccination with live attenuated vaccines could be considered if the potential risk of acquiring the infection is superior to the risk of developing
vaccine-related infections.

¢There can be limitations and variations regarding upper age limit depending on the country and the Summary of product characteristics.

A live, attenuated herpes zoster vaccine (Zostavax®) is also available, but not recommended for patients who are receiving immunosuppressants.

2With a background of chickenpox disease or live-attenuated varicella vaccination (otherwise consider varicella immunization).

hEnhanced Immunity Vaccines include High load (HBVaxpro® 40mcg) or adjuvanted (AS03-Fendrix®, CpG 1018-Heplisav®). Consider If onset of
immunosuppressants in the following 6 months or in patients already immunosuppressed.

iRisk of sexual exposure, patients on dialysis, parenteral drug users, healthcare workers with occupational risk, and patients with specific comorbidities (HIV or
HCV infection, chronic liver or kidney disease, solid organ transplant/hemopoietic stem cell transplantation recipients and/or people receiving blood products.
IEMA authorized COVID-19 vaccines: Comirnaty (0, 28 days), Spikevax (0, 28 days) Valneva (0,28 days), Nuvaxoid (0,21 days), Vaxzevria (0, 28 days),
Jcovden (single-dose), VidPrevtyn Beta (single booster after mRNA) Available at: https://www.ema.europa.eu/en/human-regulatory/overview/public-health-
threats/coronavirus-disease-covid-19/treatments-vaccines/vaccines-covid- 19/covid-19-vaccines-authorised#originally-authorised-covid-19-vaccines-section.
kFollow most updated local/country guidance on COVID-19 vaccination for high-risk patients.

IS: immunosuppression; 13-PCV: 13-valent conjugate vaccine; 20-PCV: 20-valent conjugate vaccine; 23PPV: 23-valent polysaccharide vaccine; MS: multiple
sclerosis; mRNA: messenger ribonucleic acid; S1P: selective Sphingosin-1-phosphate-receptor-1 CLAD: cladribine; ALZ: alemtuzumab; DMF: dimethyl
fumarate; TER: teriflunomide; NTZ: natalizumab; VZV: varicella-zoster virus.

Onset IS Stop IS

(@)

Before IS During IS Post IS

Booster and/or
revaccination in case of
insufficient response

risk of diminished response Inactivated

Evaluation of the immunization status E Inactivated:
antibody testing when appropriate

Vaccinate at the time of diagnosis or in

early stages of the disease
Inactivated: ideally 2 weeks before IS 4@’ Live-attenuated: Live-attenuated

. Inactivated
N b
Always avoid in DMF®, TER, llowed only after

st W

S1P modulators, anti-CD20, fety int | f
Live- attenuated: 4 (or 6°) weeks before CLAD and ALZ salety interval 1or Live-attenuated
IS - Ab testing before starting IS Ideally avoid in DMF and NTZ¢ immune restoration

s Wi -

(Table 2)

’ In case of relapse, delay until clinical resolution or stabilization if possible
Inactivated influenza vaccine ? @
Tdap ®

g Live attenuated vaccines ﬁ
Influenza vaccine % E Hepatitis A, hepatitis B, rabies, japanese

Complete routine vaccine schedule @v
If IS, same precautions and timings, with

respect to the DMTs as for adults, taking into

account the authorized age for each vaccine ©

Live attenuated vaccines: avoid if IS

5

Pneumococcal vaccine encephalitis, quadrivalent meningococcal B\
Inactivated herpes zoster vaccined vaccine, cholera vaccine, tick-borne encephalitis,
Covid-19 vaccine®

IPV and inactivated typhoid vaccine, regardless
of IS, if high risk of exposure during travel
E Live attenuated vaccines: avoid if IS

Yellow fever, oral typhoid, dengue or OPV,
avoid if IS

Figure 1. Immunization strategy in pwMS. (a) Immunization strategy and immunosuppression: timings and precautions. a. For ocrelizumab
and alemtuzumab according to the Summary of product characteristics. b. If absolute lymphocyte counts < 800/mm? (grade 2 and 3 lymphopenia).
c. In very exceptional cases, such as a high risk of infection, vaccination with live attenuated vaccines in patients treated with NTZ and DMF
could be considered if the potential risk of acquiring the infection is superior to the risk of developing vaccine-related infections.

IS: immunosuppression; Ab: antibody; S1 P: selective sphingosin-1-phosphate-receptor-1; CLAD: cladribine; ALZ: alemtuzumab; DMF: dimethyl fumarate; TER:
teriflunomide; NTZ: natalizumab.

(b) Recommended vaccines in special sub-populations (pregnancy, children, elderly and international travel). a. During any trimester at the beginning of
the influenza season. b. During the third trimester of pregnancy (between week 20 and 36), unless national recommendations state otherwise. c. See Table 1. d.
With a background of chickenpox disease or live-attenuated varicella vaccination (otherwise consider varicella immunization). e. Follow most updated local/
country guidance on COVID-19 vaccination for high-risk patients.

dTap: diphtheria, tetanus and acellular pertussis; IS: immunosuppression; IPV: inactivated polio vaccine; OPV: oral polio vaccine.
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Table 2. Recommended safety interval between drug suspension and live-attenuated vaccine administration.

Disease-modifying drug

Interval to live-attenuated vaccine

Interferon/glatiramer acetate None
Dimethyl fumarate

Until normal lymphocyte count

Teriflunomide 3.5 months—2 years (accelerated elimination: wait 1.5 months after the
first result of plasma concentrations of the drug is below 0.02 mg/1).

Fingolimod >2 months

Siponimod 4 weeks

Ozanimod 3 months

Ponesimod 2weeks

Natalizumab >3 months

Alemtuzumab Until normal lymphocyte count (approximately 12 months)

Cladribine Until normal lymphocyte count (30-90 weeks after the last dose)

Rituximab Until B-cell repletion (>12 months)

Ocrelizumab Until B-cell repletion (>18 months)

Ofatumumab Until B-cell repletion (approximately 40 weeks)

Corticosteriods? 1 month

Plasma exchange None

Intravenous immunoglobulin (IVIg) 3 months®

2 =20mg/day or =2 mg/Kg/day (if weight <10kg) of prednisone or equivalent for at least 2 consecutive weeks.

bRisk of diminished response to measles up to 1 year.

Based on: European public assessment reports (EPAR) // Rubin LG, et al. Infectious Diseases Society of America. 2013 IDSA
clinical practice guideline for vaccination of the immunocompromised host. Clin Infect Dis. 2014 // Furer, V. et al. 2019 update

of EULAR recommendations for vaccination in adult patients with autoimmune inflammatory rheumatic diseases. Annals of the
rheumatic diseases 79, 39-52, doi:10.1136/annrheumdis-2019-215882 (2020) // Ciotti, J. R., Valtcheva, M. V. & Cross, A. H. Effects
of MS disease-modifying therapies on responses to vaccinations: A review. Multiple sclerosis and related disorders 45, 102439,

doi:10.1016/j.msard.2020.102439 (2020).

Recommendation 7. Physicians should reassess
the vaccination status of patients with MS before
prescribing any immunosuppressive therapy
(DMEF, teriflunomide, sphingosine-1-phosphate
modulators, natalizumab, cladribine, alemtu-
zumab, or anti-CD20 monoclonal antibodies).
Recommendation 8. For non-treated MS patients
or those receiving immunomodulatory treatment
(interferons or GA) who are planning to start any
immunosuppressive therapy (DMF, teriflunomide,
sphingosine-1-phosphate ~ modulators,  natali-
zumab, cladribine, alemtuzumab, or anti-CD20
monoclonal antibodies) timing of vaccination
should be adjusted:

a. Inactivated vaccines can be administered any
time, but ideally at least 2 weeks before treatment
onset to ensure a complete immune response.

b. Live attenuated vaccines should be adminis-
tered at least 4 weeks before treatment onset,
six weeks for ocrelizumab and alemtuzumab.

Recommendation 9. For MS patients planning to
start any immunosuppressive therapy, accelerated
vaccination schedules can be proposed when avail-
able and if needed.

Recommendation 10. Live attenuated vaccines:

a. Can be safely used in MS patients without
DMT or those receiving immunomodulatory
treatments (interferons or GA).

b. Should ideally be avoided in MS patients
receiving DMF and natalizumab due to the
potential risk of developing vaccine-related
infections. In very exceptional cases, such as a
high risk of infection, vaccination with live
attenuated vaccines could be considered if the
potential risk of acquiring the infection is
superior to the risk of developing vaccine-
related infections.

c. Should be avoided in MS patients receiving
DMF*, teriflunomide, sphingosine-1-phosphate
modulators, anti-CD20 monoclonal antibodies,
and before immune restoration for cladribine
and alemtuzumab, due to the potential risk of
developing vaccine-related infections.

* If absolute lymphocyte counts < 800/mm?
(grade 2 and 3 lymphopenia).

Recommendation 11. MS patients receiving
immunosuppressive therapies that are non-immune
against measles and/ or varicella-zoster virus
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(VZV) should be informed that, in case of a risk
exposure to measles and/or chickenpox, they
should seek medical advice immediately, and a
post-exposure prophylaxis with immunoglobulin
should be offered.

Recommendation 12. For MS patients who are
treated with anti-CD20 immunosuppressive thera-
pies every 6 months, inactivated vaccines should
ideally be administered, if the clinical situation
allows it, at least 3 months after the last anti-CD20
treatment and 4—6 weeks before the next infusion
to optimize vaccine responses.

Recommendation 13. For MS patients who
receive vaccines before initiation or during treat-
ment with immunosuppressive therapies:

a. Measurement of vaccine-induced antibody
titers in an optimal interval of 1 to 2 months
after the last dose of the vaccine is suggested
for hepatitis B, tetanus, measles, mumps, and
varicella to check whether they have mounted a
protective immune response, according to
accepted cut-off levels.

b. Inthe case of attenuated live vaccines, the sero-
logical response should be confirmed before
starting the immunosuppressive therapy.

c. Incase of insufficient response, consider admin-
istering a booster dose of the vaccine. For hepa-
titis B, a complete revaccination with an
adjuvanted or high antigenic load vaccine is
recommended.

Recommendation 14. MS patients who do not
mount a protective immune response to hepatitis B
after two complete courses of vaccination should
be informed that, in the situation of a risk exposure
to the virus, they should seek medical advice
immediately, and post-exposure prophylaxis with
immunoglobulin should be offered.
Recommendation 15. In MS patients who receive
a short-term pulse of high-dose steroid treatment,
live attenuated vaccines should be postponed for 1
month. Ideally, inactivated vaccines should also be
delayed for 1 month, but can be administered any
time.

Recommendation 16. In MS patients who stop
receiving immunosuppressive therapies, inacti-
vated vaccines can be administered any time, but
preferably after immune restoration to maximize
vaccine responses.

Recommendation 17. In MS patients who stop
receiving immunosuppressive therapies, live atten-
uated vaccines should only be administered after a
safety interval that ensures immune restoration is
met (Table 2).

Recommended vaccines

Recommendation 18. Adult patients with MS
should receive those vaccines included in the rou-
tine vaccination schedule for the general popula-
tion unless there is a specific contraindication
Recommendation 19. MS patients, especially
those who are candidates for/or on immunosup-
pressive therapies or those with a significant disa-
bility should receive yearly influenza vaccination,
following general recommendations.
Recommendation 20. MS patients who are candi-
dates for/or on immunosuppressive therapies or
those with a significant disability should receive
pneumococcal vaccination, following general rec-
ommendations for immunosuppression (Following
guidelines applicable in each country; age and/or
comorbidities should also be considered in the
indication of pneumococcal vaccination).
Recommendation 21. In MS patients who are
candidates for/or on immunosuppressive therapies,
other vaccines with more restrictive indications
should be considered:

a. Human papillomavirus vaccine in women and
men with MS who are scheduled to receive
treatment with alemtuzumab, sphingosine-
1-phosphate modulators, cladribine, or anti-
CD20 monoclonal antibodies, and have not
already received the vaccine previously, inde-
pendently of their age (in some countries, there
can be limitations regarding age).

b. Herpes zoster recombinant vaccine in patients
over 18 years of age* who are scheduled to receive
any treatment with a high risk of herpes infections
such as cladribine, alemtuzumab, sphingosine-
1-phosphate modulators, natalizumab, and anti-
CD20 monoclonal antibodies (in some countries,
there can be limitations regarding age).

c. Hepatitis B in non-immune high-risk patients,
especially those who are scheduled to receive
treatment with anti-CD20.

* With a background of chickenpox disease or
live-attenuated varicella vaccination (other-
wise consider varicella immunization).

Recommendation 22. In people with MS receiv-
ing immunosuppressive therapies vaccination for
household and healthcare professional contacts
should be recommended:

a. With influenza vaccines for all.

b. With MMR and/or varicella vaccines for those
non-immune to measles and/or varicella
(through vaccination or natural immunity) and
if the patient is not adequately protected against
these infections.
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Immuniation in special populations

Question 4: What is the recommended vaccination
strategy in pediatric pwMS?. Vaccines are one of the
most cost-effective approaches for reducing child-
hood disease burden and mortality.”” MS is a discase
of young adults, and a small proportion of patients
with MS are children.’® There are no published data
on the safety and efficacy of vaccines in pediatric
patients with MS. Therefore, it is not surprising that
no vaccination guidelines for children with MS are
available in Europe or elsewhere. The lack of data on
pediatric patients with MS is noteworthy as children
may be more susceptible to vaccine-preventable
infections.” Confronted with this lack of information
and/or authoritative guidance, the authors of this
European consensus statement have referred to indi-
rect data reviewed in questions 1, 2a, and 2b and to
vaccination guidelines for immunocompromised chil-
dren to generate recommendations for this review
question. These recommendations are in line with the
immunization programs in the European Union. All
vaccines applicable to a child/adolescent with MS
(e.g. meningococcal conjugate—MenACWY—vac-
cine, meningococcal B vaccine, human papillomavi-
rus (HPV) vaccine and combined tetanus, diphtheria,
and acellular pertussis vaccine) should be provided as
per local immunization schedules. Special attention
should be given to HPV with is the most common
sexually transmitted infection worldwide and the
leading cause of cervical cancer.”” HPV vaccination
should be administered routinely to adolescents either
in routine or catch-up programs.’®# The multidose
schedule of HPV vaccination may delay starting
DMT, and, therefore, the potential risks and benefits
must be considered on a case-by-case basis. Addi-
tional information about the routine immunization
schemes for each EU country can be found in Vaccine
Scheduler.8!

Vaccination in children with MS
Statements
Statement 1. In children with MS with or without
disease-modifying treatments, the benefit of
immunization greatly outweighs any potential
risks.

Recommendations

Recommendation 1. Care providers must remain
vigilant in maintaining children’s vaccination sta-
tus following local vaccination guidelines and
complete vaccinations ideally before the start of
any immunosuppressive therapy. In case of non-
vaccinated children or missed doses, a catch-up
vaccination program following local guidelines
should be performed.

Recommendation 2. The same general precau-
tions and timings with respect to the DMTs for
immunization in adults should be applied to pedi-
atric patients, taking into account the authorized
age for the administration of each vaccine, speci-
fied in Table 1.

Recommendation 3. The safety and timing of
vaccination should be discussed with the infant’s
physician/family doctor.

Question 5: What is the recommended vaccination
strategy in pregnant women with MS?. As MS is a
common disorder among women of childbearing age,
special consideration needs to be given to meeting the
vaccination needs of women planning pregnancy and
pregnant women with MS.® Pregnant women are at
increased risk of morbidity and mortality from vac-
cine-preventable infections and are recognized as a
priority group for vaccination. Vaccination during
pregnancy is specifically recommended to prevent
both influenza and pertussis, while other vaccines
may be considered in cases of high risk or specific
exposure.®? Inactivated vaccines are generally con-
sidered safe during pregnancy. In contrast, live atten-
uated vaccines are contraindicated during pregnancy
due to the theoretical risk of perinatal infection.$2

Pregnant women are particularly vulnerable to severe
infection from influenza resulting in poor maternal
and neonatal outcomes.3%* Importantly and reassur-
ingly, maternal influenza vaccination has been shown
to decrease the risk of influenza and its complications
among pregnant women and their infants under
6months of age.®> Pregnant women with MS should
be routinely offered the inactivated influenza vaccine
in any trimester. Pertussis—a respiratory infection
caused by Bordetella pertussis—remains a significant
cause of infant morbidity and mortality. Infants are
usually infected after exposure to close contacts who
are either asymptomatic or have symptoms of a com-
mon cold.®? Pertussis vaccination in pregnancy may
protect infants through a passive and active transfer of
maternal antibodies until they receive their primary
immunization series.®28 The vaccine does not con-
tain any live components, and it should be given dur-
ing each pregnancy at 20-36weeks’ gestation.
Influenza and pertussis vaccinations are not included
in the routine vaccination schedule for pregnant
women in some EU countries.!

The safety and immunogenicity of vaccines in the
context of DMTs should be carefully considered when
formulating immunization strategies in pregnant
women with MS receiving immunotherapies. The
recommendations regarding immunization strategies
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in patients with MS receiving DMTs have been
detailed in Question 3.

Vaccination in pregnant women with MS
Statements
Statement 1. In pregnant women with MS, inacti-
vated vaccines are safe and can be administered
during the second and third trimester of
pregnancy*.

* Influenza vaccine can be administered at any
time during pregnancy

Statement 2. In pregnant women with MS, live
attenuated vaccines are contraindicated due to the
theoretical risk of vaccine-related infections in
the fetus.

Recommendations

Recommendation 1. In women with MS with
childbearing potential, a complete review of vac-
cination status should be performed. If needed,
immunization with live attenuated vaccines should
be completed at least 1 month before pregnancy,
unless there is a specific contraindication).
Recommendation 2. In pregnant women with
MS, vaccination is recommended, as in the general
population, to prevent potential infections with a
high impact on maternal and infant morbidity and
mortality.

Recommendation 3. Pregnant women with MS
should be vaccinated with an inactivated influenza
vaccine in any trimester at the beginning of the
influenza season.

Recommendation 4. Pregnant women with MS
should be advised to receive vaccination against
diphtheria, tetanus, and pertussis (Tdap) during the
end of second or third trimester of pregnancy, pref-
erably between weeks 20 and 36* to allow the
greatest materno-fetal transfer of anti-pertussis
antibodies. This vaccination should be performed
during each pregnancy, regardless of whether the
Tdap vaccine has been previously administered.

* Unless national recommendations state otherwise.

Recommendation 5. Pregnant women with MS
should be evaluated for evidence of immunity to
rubella and varicella and be tested for the presence
of HBsAg. Women without evidence of immunity
to rubella or varicella should be vaccinated in the
post-partum period before initiating DMT.
Recommendation 6. In women with MS, the tim-
ing of vaccines post-partum should be adjusted to
treatment plans to obtain fast protection and ade-
quate vaccine responses:

- Immunizations with live attenuated vaccine
should be completed after delivery, regardless
of breastfeeding (except for yellow fever vac-
cine), and 4 to 6weeks before initiation of
immunosuppressive DMT.

- Inactivated vaccines can be administered at any
time after delivery and during immunosuppres-
sive treatment but, ideally, should be completed
at least 2 weeks before the start of immunosup-
pressive DMT.

Recommendation 7. In newborns who have been
exposed to anti-CD20 therapies during pregnancy
or for some time before pregnancy, CD19-positive
B-cell levels should be measured, and live-attenu-
ated vaccines (i.e. rotavirus) should be delayed
until B-cell levels have recovered.
Recommendation 8. In women with MS who are
breastfeeding, vaccines are considered safe except
for the yellow fever vaccine.

Question 6: What is the recommended vaccination
strategy for elderly pwMS?. Elderly patients are at
risk of acquiring vaccine-preventable infections,
either because of incomplete immunization or wan-
ing immunity.8’ Immunosenescence (i.e. the weaken-
ing of the immune system associated with natural
aging) results in suboptimal vaccine efficacy and
increased frequency of common infectious diseases. 87
Vaccination is highly recommended throughout life
because vaccine-preventable infections can cause
significant morbidity and mortality in aging people.?”
Some vaccines have specific indications in elderly
individuals, such as the recombinant subunit herpes
zoster virus vaccine, the pneumococcal vaccines, the
adjuvanted or high-dose influenza vaccines, and
booster vaccinations against tetanus and diphtheria,
among others.%7:88

The development of new DMTs and advances in treat-
ing comorbidities have contributed to an increasing
prevalence of aging pwMS worldwide. It is, therefore,
essential that elderly pwMS undergo an appropriate
vaccination program.® However, to date, no data are
available on the safety and efficacy of vaccines in
elderly pwMS and, therefore, no guidelines have been
established on vaccinating this group of patients. In
this consensus statement, the authors have referred to
indirect data reviewed in questions 1, 2a, and 2b and
to vaccination guidelines for otherwise healthy older
adults to generate recommendations for this review
question.?7:38 These recommendations are in line with
the immunization programs in the European Union.
Similar to recommendations for younger pwMS, an
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individualized risk assessment is needed when mak-
ing DMT decisions in elderly pwMS.

Vaccination in elderly pwMS
Recommendations
Recommendation 1. Elderly people with MS, as
the general elderly population, should be informed
about the higher risk of severe infections and the
altered immune response to vaccines (i.e. antibody
titer, antibody diversity, protective immunity).
Recommendation 2. In elderly people with MS,
the same general vaccination strategy as in the
adult MS population should be applied in terms of
timings, recommended vaccines, and precautions
according to DMTs.
Recommendation 3. Elderly people with MS
should receive the influenza vaccine annually as
well as pneumococcal and inactivated herpes zos-
ter vaccines.

Question 7: What is the recommended vaccination
strategy for patients with MS planning to undertake
international travel?. Patients with MS planning to
undertake international travel may be at risk for vari-
ous potentially severe and vaccine-preventable infec-
tions that are not endemic in their country of origin.®-%°
The risk of such infections varies depending on the
itinerary, pre-existing health factors, and unique
behaviors of the traveler.” Therefore, patients with
MS who plan overseas travel should undergo a risk
assessment and guidance on vaccination by a health-
care professional, ideally at least 2 to 3 months before
traveling. An immunization encounter before travel
also provides an opportunity to update all age-appro-
priate immunizations.°

Six studies have evaluated the efficacy and/or safety
of travel vaccines in pwMS.26-3! Details on the meth-
odology, level of the evidence, and results of these
studies are available in Supplemental Appendix 3.

Rabies. A single self-controlled retrospective
study (level 3) reported the risk of relapses in 55
patients with MS who underwent pre-exposure rabies
vaccination.26 The annualized relapse rate in the
pre-exposure, exposure-risk, and post-risk periods
were 0.44, 0.22, and 0.10, respectively (rate ratio for
exposure-risk to pre-exposure periods, 0.51 [95% CI
0.10-1.68]).

Tick-borne encephalitis. A small cohort study
(level 3) conducted in 15 pwMS living in TBE risk
areas reported no association between TBE vaccina-
tion and clinical or radiological disease activity.?s In
addition, all patients had protective antibody titers at

follow-up.28 Similarly, Winkelmann et al.2” (level 3)
reported that (a) the annualized relapse rate decreased
from 0.65 in the year before TBE vaccination to 0.21
in the following year, (b) EDSS remained stable
throughout the study period, and (c) 78% of patients
had protective antibody titers after vaccination.

Yellow fever. Three studies have investigated the
effects of yellow fever vaccination (YFV) on MS dis-
ease activity.293! A self-controlled case series study
(level 4) assessed the risk of relapse in seven patients
with relapsing-remitting MS vaccinated against yel-
low fever before traveling to endemic regions.?’ Age-
and sex-matched healthy individuals, unvaccinated
patients with MS, and influenza-vaccinated patients
with MS were included as control groups. The at-
risk period (ARP) was defined as 1 to Sweeks from
vaccination, and total follow-up lasted 24 months.?°
The exacerbation rate was higher during the ARP
compared to the remaining 23 months of follow-
up (8.57 vs. 0.67; RR 12.78, 95% CI 4.28-38.13;
p<<0.001) and a significant increase in new or enlarg-
ing T2-weighted lesions and gadolinium-enhancing
lesions was reported.2’ More recently, a retrospective
cohort study (level 3) including 23 patients with a
similar design did not confirm these findings. Instead,
a sharp decrease in the annualized relapse rate was
observed from 0.52 in the PEP to 0.17 and 0.13 in the
ERP and PRP, respectively.’® Consistent with these
findings, Papeix et al.3! observed no increased relapse
rate or disability worsening in a cohort of 128 pwMS
following YFV (level 3). The 1-year ARR following
YFV was 0,219 in exposed patients compared with
0.208 in the non-exposed group, and the difference
was not statistically significant (p=0.92). Time to
first relapse (HR 1.33, 95% CI 0.53-3.30; p=0.54)
and EDSS score worsening during the first year after
YFV (15.6% vs. 13.5%; p=0.77) were also not differ-
ent between groups.’!

Conclusion. No increased risk of MS exacerba-
tion and/or progression has been observed following
rabies vaccination and there is no compelling evi-
dence that YFV or TBE vaccination increases the risk
of relapse in MS.

Based on the best available evidence, there are some
guidelines and/or consensus that aim to provide rec-
ommendations regarding travel vaccines in patients
with MS. The Yellow Book (Health Information for
International Travel) by the Centres for Disease
Control and Prevention (CDC)! in the USA includes
specific advice regarding vaccination strategies in
patients with MS. According to CDC guidance, inac-
tivated travel vaccines such as rabies, Japanese
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encephalitis, and TBE are generally considered safe
for patients with MS. In contrast, live vaccines, such
as YF, MMR, and oral typhoid should not be given to
patients with MS during therapy with immunosup-
pressants due to the potential risk of vaccine-trans-
mitted disease.”! A multidisciplinary expert panel in
the UK has issued similar recommendations regard-
ing pretravel counseling in adults with MS.® The
safety and immunogenicity of vaccines in the context
of DMTs should be carefully considered when for-
mulating immunization strategies in travelers with
MS receiving immunotherapies. The recommenda-
tions regarding immunization strategies in patients
with MS receiving DMTs have been detailed in
Question 3.

Vaccination for international travel
Statements
Statement 1. MS patients with or without immuno-
suppressive therapies can receive specific travel
inactivated vaccines such as hepatitis A, hepatitis B,
rabies, Japanese encephalitis, quadrivalent menin-
gococcal vaccine, cholera vaccine, TBE, polio
(IPV), and inactivated typhoid vaccine regardless of
DMTs, if high risk of exposure during travel.
Statement 2. In MS patients receiving immuno-
suppressive therapies, live attenuated vaccines
such as yellow fever, oral typhoid, dengue, vari-
cella, and/or measles-mumps-rubella  are
contraindicated.

Recommendations

Recommendation 1. Care providers should dis-
cuss potential travel plans with MS patients as
early as possible, especially with those patients
who will start immunosuppressive therapies.
Recommendation 2. MS patients planning to
travel to a tropical or subtropical destination should
be advised to consult a specialized Travel Clinic or
a vaccination expert in coordination with the MS
specialist for a specific evaluation and individual-
ized indication of pretravel immunizations consid-
ering the risk—benefit balance.

Recommendation 3. Care providers should con-
sider travel details about timing and destination to
advise on the best immunization strategy before
travel.

Recommendation 4. Immunizations needed to
travel should ideally be started 2 to 3 months
before departure. Accelerated vaccination sched-
ules can be applied whenever available.
Recommendation S. For MS patients receiving
immunosuppressive therapies, post-vaccination
serology for those vaccines with accepted antibody
cut of levels, such as hepatitis A, hepatitis B,

rabies, tetanus and/or polio should be verified, and
additional booster doses may be required if nega-
tive responses.

Recommendation 6. Care providers should dis-
cuss the risks/benefits of stopping treatment for
receiving a live attenuated vaccine for traveling.

Conclusions and future research

This is the first consensus statement on vaccination
for MS patients with a European reach. The recom-
mendations included in this consensus are intended to
guide the best care according to currently available
evidence for vaccination in MS and the experience of
vaccination in patients with immunosuppressive treat-
ment in other disciplines. Some key points of the rec-
ommendations have been highlighted in Table 3.

Immunization strategy. After a comprehensive analy-
sis of the evidence on vaccination in MS patients, rel-
evant knowledge gaps are worth mentioning. First,
the limited evidence on vaccine effectiveness based
on a small number of studies, with limited sample
sizes and covering only a few vaccines (mainly influ-
enza, tetanus, and pneumococcus) and a few DMTs.
Moreover, all these studies are based on immunoge-
nicity (antibody response) as a surrogate for vaccine
response, and none consider “infection” as the main
outcome. Therefore, it is difficult to conclude whether
the observed humoral-based vaccination responses
have their clinical correlates. This is especially rele-
vant in the case of MS patients under immunosup-
pressive therapies, as the available correlates of
protection (against infection and severity) following
these vaccinations have been established mainly for
immune-competent individuals.? In addition, the cel-
lular immune responses that are closely correlated
with vaccine efficacy have not been studied for the
vaccinations covered in this consensus, with the
exception of a few.38:42:44

Interestingly, in the context of the COVID-19 pan-
demic, a large amount of evidence on the effective-
ness and safety of the different types of vaccines
against SARS-CoV-2 in pwMS has been produced
and may be adapted to other vaccinations in pwMS.
The effectiveness correlates with the type of DMT
received, as measured both by humoral and cellular
responses.®*93-% Preliminary data have been gathered
on the protective effect of these vaccinations on the
rate and severity of post-vaccination COVID-19 and
will provide us with prospective information to better
understand vaccination effectiveness.’3:6493-100  In
addition, a few available case reports point to a poten-
tial increase in the risk of a first demyelinating event
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Table 3. Key aspects about the immunization of pwMS.

1. In MS patients with or without disease-modifying treatment (DMT), vaccines are not associated with an increased risk of relapses or
disability.

2. In pwMS receiving sphingosine-1-phosphate modulators and anti-CD20, the production of antibodies is lower as compared to non-treated
patients or patients receiving interferons, and the achieved seroprotection after vaccination can be reduced.

3. There is limited data about the protection after vaccination in patients treated with alemtuzumab and cladribine. However, due to the
drug’s mechanism of action, a reduced seroprotection could be expected until a complete immune reconstitution is achieved.

4. An evaluation of the immunization status is recommended for all pwMS, regardless of initial therapeutic plans to minimize risks. Ideally,

vaccination should be performed at the time of diagnosis or in the early stages of the disease.

In pwMS experiencing a relapse, vaccination should ideally be delayed until clinical resolution or stabilization.

6. For non-treated pwMS or those receiving immunomodulatory treatment who are planning to start any immunosuppressive therapy:

e

Inactivated vaccines can be administered any time, but ideally at least 2 weeks before treatment onset to ensure a complete immune
response.
Live attenuated vaccines should be administered at least 4 weeks before treatment onset, 6 weeks for ocrelizumab and alemtuzumab.

7. Live attenuated vaccines:

Can be safely used in pwMS without DMT or in those receiving immunomodulatory treatments.

Should ideally be avoided in pwMS who are receiving the following immunosuppressive therapies (dimethyl fumarate and natalizumab).
Should be avoided in MS patients receiving dimethyl fumarate?, teriflunomide, sphingosine-1-phosphate (S1P) modulators, anti-CD20
monoclonal antibodies, and before immune restoration for cladribine and alemtuzumab, due to the potential risk of developing vaccine-
related infections

8. In pwMS who receive a short-term pulse of high-dose steroid treatment, live attenuated vaccines should be postponed for 1 month.
Ideally, inactivated vaccines should also be delayed for 1 month, but can be administered any time.
9. Adult and pediatric pwMS should receive those vaccines included in the corresponding routine vaccination schedule for the general
population.
10. In pregnant women with MS, vaccination is recommended, as in the general population, to prevent potential infections with a high impact
on maternal and infant morbidity and mortality.
11. PwMS, specially those who are candidates for/or on immunosuppressive therapies or those with a significant disability should receive
yearly influenza vaccination and pneumococcal vaccination (following guidelines applicable in each country)
12. In pwMS who are candidates for/or on immunosuppressive therapies, other vaccines with more restrictive indications should be
considered:

Human papillomavirus vaccine in women and men with MSP who are scheduled to receive treatment with alemtuzumab, fingolimod,
cladribine, or anti-CD20, independently of their age.

Herpes zoster inactivated vaccine in patients over 18 years of age® who are scheduled to receive any treatment with a high risk of herpes
infections.

Hepeatitis B in non-immune high-risk patients, especially those who are scheduled to receive treatment with anti-CD20.

aIf absolute lymphocyte counts < 800/mm? (grade 2 and 3 lymphopenia).

>There can be limitations and variations regarding upper age limit depending on the country and the Summary of product characteristics.

©With a background of chickenpox disease or live-attenuated varicella vaccination (otherwise consider varicella immunization). pwMS, people with multiple
sclerosis.

or disease exacerbation after SARS-CoV-2 vaccina- modulators, cladribine, or alemtuzumab). In the

tion,!! also seen after natural infection.'2 However,
self-controlled design analysis of larger cohorts con-
cludes that the vaccine does not increase the short-
term risk of clinical reactivation and that the benefits
of vaccination outweigh the risks.!03

There were some outlined recommendations for
which no consensus was reached in the first round,
but only one that could not be adopted in the consen-
sus. The statement suggested a strategy using treat-
ment with natalizumab until immunization is
completed to optimize vaccine responses in pwMS
with highly active disease who are candidate to DMTs
with higher potential interference with vaccine
responses (anti CD20 monoclonal antibodies, S1P

absence of solid evidence to endorse such an approach,
this statement did not reach a priority to become a
recommendation. However, the lack of data has led to
the development of several practice-based strategies
that are likely to generate new evidence about their
potential benefits in the future.

As more evidence becomes available regarding the
long-term impact on the risk of infections of the new
highly effective drugs available for treatment in
patients with MS, changes in vaccination recommen-
dations might occur. In addition, there are vaccines in
advanced stages of development with a potential indi-
cation in these patients. Finally, the COVID-19 pan-
demic and the rapid development of different types of
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vaccines and information on their efficacy in pwMS
who are treatment-naive or under all kinds of DMTs
have provided us with a large amount of data in a rela-
tively short period. This information on the infection-
vaccination-immunity triad will likely lead to more
studies to update future guidelines for vaccinations in
pwMS as more experience and evidence are built up.
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