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Many patients with multiple sclerosis (MS) receive disease-modifying therapies (DMTs),

such as teriflunomide, to reduce disease activity and slow progression. DMTs mediate

their efficacy by modulating or suppressing the immune system, which might affect a

patient’s response to vaccination. As vaccines against the SARS-CoV-2 virus become

available, questions have arisen around their efficacy and safety for patients with MS who

are receiving DMTs. Data are beginning to emerge regarding the potential influence of

certain DMTs on a patient’s response to coronavirus disease 2019 (COVID-19) vaccines

and are supported by evidence from vaccination studies of other pathogens. This review

summarizes the available data on the response to vaccines in patients with MS who

are receiving DMTs, with a focus on teriflunomide. It also provides an overview of the

leading COVID-19 vaccines and current guidance around COVID-19 vaccination for

patients with MS. Though few vaccination studies have been done for this patient

population, teriflunomide appears to have minimal influence on the response to seasonal

influenza vaccine. The evidence for other DMTs (e.g., fingolimod, glatiramer acetate) is

less consistent: some studies suggest no effect of DMTs on vaccine response, whereas

others show reduced vaccine efficacy. No unexpected safety signals have emerged in

any vaccine study. Current guidance for patients with MS is to continue DMTs during

COVID-19 vaccination, though adjusted timing of dosing for some DMTs may improve

the vaccine response.

Keywords: COVID-19, disease-modifying therapies (DMTs), multiple sclerosis, teriflunomide (Aubagio),

vaccination

INTRODUCTION

Disease-modifying therapies (DMTs) for multiple sclerosis (MS) generally induce
immunosuppression or immunomodulation by inhibiting expansion of stimulated lymphocytes
(teriflunomide), redirecting pathological immune cells away from the central nervous system
(natalizumab, sphingosine-phosphate receptor modulators), or depleting immune cell subsets
(B and T cells; ocrelizumab, alemtuzumab, cladribine) (1, 2). These immunosuppressive and
immunomodulatory modes of action introduce theoretical potential for increased infection risk,
reduced vaccine effectiveness, or reduced duration of immunity (3–5). Whether these risks are
real is beginning to be addressed in the 21st century, particularly regarding the seasonal influenza
vaccine and certain DMTs such as interferon-beta (IFN-β) and teriflunomide.
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The importance of understanding how DMTs might affect
vaccination effectiveness and safety for patients with MS is
highlighted amid the ongoing outbreak of coronavirus disease
2019 (COVID-19). As of October 2021, minimal data are
available regarding potential influence of DMTs on the efficacy
of vaccines for the SARS-CoV-2 virus. Most available data are for
patients receiving ocrelizumab (6–9). Until substantial data have
accumulated, evidence for other immunizations might provide
insight into what can be expected with SARS-CoV-2 vaccines (4).
This review summarizes currently available evidence on vaccine
efficacy for patients receiving DMTs to treat MS, focusing
on evidence for the DMT teriflunomide, and summarizes
current guidance around SARS-CoV-2 vaccination in
this population.

HOW VACCINES WORK

Entry of a pathogen into the body triggers the innate immune
response, the first-line immune defense. The innate immune
response engages rapidly but is not specifically directed against
a particular pathogen. However, it triggers an adaptive immune
response, which is pathogen specific and involves stimulation
of T and/or B lymphocytes that may ultimately achieve highly
focused immune memory against the pathogen (4, 10). For cell-
mediated immunity, subsets of T lymphocytes are activated,
and memory T cells are generated. For humoral immunity,
B lymphocytes are stimulated to produce immunoglobulin M
(IgM) and then IgG antibodies against the pathogen. The
antibodies and memory cells generated in response to the
pathogen generally persist in the body after the pathogen is
eliminated, maintaining immunological memory (10).

Several vaccine types have been developed: earlier vaccines
used live-attenuated or inactivated pathogens to induce
immunity, whereas modern vaccines may be based on toxoids
or parts of pathogens, such as viral vectored vaccines and those
based on mRNA, DNA, virus-like particles, or recombinant
protein (10, 11). Regardless of the type, nearly all vaccines
work by introducing antigen, or genes that encode antigen, in
the immune system (11, 12). An adjuvant is often included to
stimulate the innate immune system to recognize pathogen-
associated molecular patterns, but some modern vaccines use
these patterns instead of adjuvants. The antigen directs the
adaptive immune response against a specific pathogen (11).
While both the humoral and cellular responses generated by
vaccines can contribute to protection from pathogens, vaccine
response is generally measured according to IgG antibody titers
raised against the particular antigen, as measuring antibody
responses is generally easier than measuring cell-based responses
(4, 11).

Abbreviations: COVID-19, coronavirus disease 2019; DMT, disease-modifying
therapy; DTH, delayed-type hypersensitivity; IFN-β, interferon-beta; Ig,
immunoglobulin; KLH, keyhole limpet hemocyanin; MS, multiple sclerosis;
MSS, MS Society; NMSS, National MS Society.

VACCINATION PROTOCOLS IN PATIENTS
WITH MS RECEIVING DMTS
(PRE-COVID-19)

Teriflunomide
Two studies have investigated whether teriflunomide affects
vaccine response (Table 1). One study evaluated the immune
response to the 2011/2012 influenza vaccine (containing H1N1,
H3N2, and B strains) in 128MS patients receiving teriflunomide
7 or 14mg or IFN-β-1a (13). In that study, ≥90% of patients
in all treatment groups achieved seroprotection against the
H1N1 and B strains, with seroprotection defined, in accordance
with European guidelines for evaluating vaccine response (29),
as post-vaccination antibody titers ≥40. For the H3N2 strain,
seroprotection rates were also ≥90% with teriflunomide 7mg
and IFN-β-1a, but were 76.9% with teriflunomide 14mg. The
2011/2012 influenza vaccine included the same strains as were
used in the 2010/2011 vaccine, which had been previously
administered to 44–70% of study participants. As a result,
many patients had H1N1, H3N2, and B strain antibody titers
≥40 at baseline. Of those with pre-vaccination antibody titers
<40, >61% of patients in the teriflunomide 7 or 14mg
groups and ≥81% of patients in the IFN-β-1a group achieved
seroprotection with the 2011/2012 vaccine, with the highest
seroconversion rates observed for the B (teriflunomide 7mg,
91.7% seroconversion; teriflunomide 14mg, 91.7%; IFN-β-1a,
85.0%) and H1N1 strains (85.7, 80.0, and 80.0%, respectively)
and lower seroconversion rates for the H3N2 strain (77.8, 61.1,
and 81.8%, respectively) (13). The results of this study suggest
teriflunomide generally does not inhibit a patient’s ability to
mount an effective immune response to recall antigens with the
influenza vaccine.

The second study evaluated the immune response to
neoantigen and recall antigens with the human diploid
cell rabies vaccine (HDCV) in healthy volunteers who
received teriflunomide or placebo for 30 days (14). No
participants had measurable antibodies to the rabies virus
before vaccination, and all achieved seroprotection against
the neoantigen, defined as antibody titers ≥0.5 IU/mL,
within 1 week after second vaccination. By days 31 and 38
(2 and 3 weeks after second vaccination), geometric mean
antibody titers were significantly lower with teriflunomide
(7.8 and 15.2 IU/mL) vs. placebo (12.5 and 28.9 IU/mL),
but remained well-above the 0.5 IU/mL threshold for all
participants, indicating sustained seroprotection against the
rabies neoantigen.

To assess cellular recall (memory) responses, the second study
also evaluated delayed-type hypersensitivity (DTH) responses
to Candida albicans, Trichophyton, and tuberculin purified
protein derivative recall antigens (14). For DTH assessments,
positive DTH reaction indicated an appropriate cellular memory
response to the recall antigen. In both the teriflunomide and
placebo groups, numbers of participants with positive DTH
responses to C. albicans and Trichophyton antigens declined
from screening to day 30, but proportions of patients with
a positive response to tuberculin purified protein derivative

Frontiers in Neurology | www.frontiersin.org 2 February 2022 | Volume 13 | Article 828616

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Tornatore et al. Vaccination in Teriflunomide-Treated MS Patients

T
A
B
L
E
1
|A

ss
es

se
d
re
sp

o
n
se

s
to

se
le
ct
ed

va
cc

in
es

in
p
at
ie
n
ts

re
ce

iv
in
g
D
M
Ts
.

D
M
T

S
tu
d
y
d
e
s
ig
n

G
ro
u
p
s
c
o
m
p
a
re
d

V
a
c
c
in
e
ty
p
e

A
s
s
e
s
s
m
e
n
t
o
f
im

m
u
n
e
re
s
p
o
n
s
e

K
e
y
fi
n
d
in
g
s

R
e
fe
re
n
c
e
s

Te
rifl
u
n
o
m
id
e

T
E
R
IV
A
O
p
en

-l
ab

el
,

p
ar
al
le
l-
g
ro
u
p
(N

=
1
2
8
)

P
at
ie
n
ts

re
ce

iv
in
g

te
rifl
u
n
o
m
id
e
7
o
r
1
4
m
g
vs
.

IF
N
-β
-1

In
flu
en

za
A
n
tib

o
d
y
tit
er
s
≥
4
0
at

2
8
d
ay
s
af
te
r

va
cc

in
at
io
n

P
o
st
-v
ac

ci
n
at
io
n
tit
er
s
≥
4
0
ac

h
ie
ve
d
fo
r
≥
9
0
%

o
f

p
at
ie
n
ts

in
al
lg

ro
u
p
s
(H
1
N
1
)a

n
d
≥
9
0
%

o
f
p
at
ie
n
ts

re
ce

iv
in
g
te
rifl
u
n
o
m
id
e
7
m
g
o
r
IF
N
-β
-1

(H
3
N
2
;
7
7
%

re
sp

o
n
se

w
ith

te
rifl
u
n
o
m
id
e
1
4
m
g
)

(1
3
)

R
an

d
o
m
iz
ed

,
d
o
u
b
le
-b
lin
d
,

p
la
ce

b
o
-c
o
n
tr
o
lle
d
(N

=
4
6
)

H
ea

lth
y
co

n
tr
o
ls
re
ce

iv
in
g

te
rifl
u
n
o
m
id
e
1
4
m
g
vs
.

p
la
ce

b
o

R
ab

ie
s

A
n
tib

o
d
y
tit
er
s
(>

0
.5

IU
/m

L
)

Te
rifl
u
n
o
m
id
e
d
id

n
o
t
lim

it
th
e
ab

ili
ty

to
ac

h
ie
ve

se
ro
p
ro
te
ct
iv
e
tit
er
s
ag

ai
n
st

n
eo

an
tig

en
.
H
o
w
ev
er
,

an
tib

o
d
y
tit
er
s
w
er
e
lo
w
er

w
ith

te
rifl
u
n
o
m
id
e
th
an

w
ith

p
la
ce

b
o

(1
4
)

IF
N
-β

P
ro
sp

ec
tiv
e,

n
o
n
-r
an

d
o
m
iz
ed

,
o
p
en

-l
ab

el

(N
=

1
6
3
)

P
at
ie
n
ts

re
ce

iv
in
g
IF
N
-β
-1
a

vs
.
p
at
ie
n
ts

n
o
t
re
ce

iv
in
g

IF
N
-β
-1
a

In
flu
en

za
H
It
ite
rs

(≥
4
0
in
d
ic
at
ed

se
ro
p
ro
te
ct
io
n
)

S
im

ila
r
p
ro
p
o
rt
io
n
s
o
f
p
at
ie
n
ts

ac
h
ie
ve
d
se

ro
p
ro
te
ct
io
n

IF
N
-β
-1
a,

9
3
.0
%
;
n
o
IF
N
-β
-1
a,

9
0
.9
%
)

(1
5
)

O
p
en

-l
ab

el
,
o
b
se

rv
at
io
n
al
,

re
tr
o
sp

ec
tiv
e-
p
ro
sp

ec
tiv
e

(N
=

5
9
)

P
at
ie
n
ts

re
ce

iv
in
g
IF
N
-β

vs
.

h
ea

lth
y
co

n
tr
o
ls

In
flu
en

za
In
flu
en

za
-s
p
ec

ifi
c
T
ce

lls
;

an
ti-
in
flu
en

za
A
an

d
B
Ig
M

an
d
Ig
G

tit
er
s

In
flu
en

za
-s
p
ec

ifi
c
T
ce

ll
fr
eq

u
en

ci
es

an
d
Ig
G

tit
er
s

in
cr
ea

se
d
si
m
ila
rly

in
b
o
th

g
ro
u
p
s,

in
d
ic
at
in
g
a
st
ro
n
g

im
m
u
n
e
re
sp

o
n
se

(1
6
)

IF
N
-β
,
D
M
F

O
p
en

-l
ab

el
(N

=
7
1
)

D
M
F
vs
.
IF
N

Te
ta
n
u
s,

d
ip
h
th
er
ia

P
ro
p
o
rt
io
n
o
f
p
at
ie
n
ts

w
ith

≥
2
-f
o
ld

in
cr
ea

se
in
an

tit
o
xo

id
tit
er
s
b
y
4

w
ee

ks
af
te
r
va
cc

in
at
io
n

R
es

p
o
n
se

ra
te
s
w
er
e
si
m
ila
r
fo
r
D
M
F
vs
.
IF
N
:
te
ta
n
u
s,

6
8
vs
.
7
3
%
;
d
ip
h
th
er
ia
,
5
8
vs
.
6
1
%

( 1
7
)

M
en

in
g
o
co

cc
al

R
es

p
o
n
se

ra
te

w
as

5
3
%

fo
r
b
o
th

g
ro
u
p
s

P
n
eu

m
o
co

cc
al

R
es

p
o
n
se

ra
te
s
w
er
e
si
m
ila
r
fo
r
D
M
F
vs
.
IF
N
:

p
n
eu

m
o
co

cc
al
se
ro
ty
p
e
3
,
6
6
vs
.
7
9
%
;
p
n
eu

m
o
co

cc
al

se
ro
ty
p
e
8
,
9
5
vs
.
8
8
%

F
in
g
o
lim

o
d

P
ro
sp

ec
tiv
e,

o
b
se

rv
at
io
n
al
,

o
p
en

-l
ab

el
(N

=
3
2
)

P
at
ie
n
ts

re
ce

iv
in
g
fin
g
o
lim

o
d

vs
.
h
ea

lth
y
co

n
tr
o
ls

In
flu
en

za
Ly
m
p
h
o
cy
te

co
u
n
ts
;
fr
eq

u
en

cy
o
f

in
flu
en

za
-s
p
ec

ifi
c
ce

lls
;
vi
ru
s-
sp

ec
ifi
c

T
ce

ll
re
sp

o
n
se

s

Ly
m
p
h
o
cy
te

co
u
n
ts

d
ec

re
as
ed

6
4
%

vs
.
th
e
lo
w
er

lim
it
o
f

n
o
rm

al
fo
r
p
at
ie
n
ts

re
ce

iv
in
g
fin
g
o
lim

o
d

S
im

ila
r
fr
eq

u
en

ci
es

o
f
in
flu
en

za
-s
p
ec

ifi
c
IF
N
-γ
-s
ec

re
tin

g

T
ce

lls
w
er
e
o
b
se

rv
ed

b
et
w
ee

n
p
at
ie
n
ts

re
ce

iv
in
g

fin
g
o
lim

o
d
an

d
h
ea

lth
y
co

n
tr
o
ls

P
at
ie
n
ts

ac
h
ie
ve
d
a
n
o
rm

al
T
ce

ll
re
sp

o
n
se

to
va
cc

in
e

d
es

p
ite

S
1
P
R
b
lo
ck

ad
e
w
ith

fin
g
o
lim

o
d

(1
8
)

F
in
g
o
lim

o
d

B
lin
d
ed

,
ra
n
d
o
m
iz
ed

,

p
la
ce

b
o
-c
o
n
tr
o
lle
d
(N

=

1
3
6
)

P
at
ie
n
ts

re
ce

iv
in
g
fin
g
o
lim

o
d

vs
.
p
la
ce

b
o

In
flu
en

za
P
ro
p
o
rt
io
n
o
f
p
at
ie
n
ts

ac
h
ie
vi
n
g

se
ro
co

n
ve
rs
io
n
o
r
≥
4
-f
o
ld

in
cr
ea

se
in

an
tib

o
d
y
tit
er
s
ag

ai
n
st

≥
1
in
flu
en

za

st
ra
in
o
r
se
ro
co

n
ve
rs
io
n
ag

ai
n
st

te
ta
n
u
s
va
cc

in
e

R
es

p
o
n
se

ra
te
s
w
er
e
5
4
%

(fi
n
g
o
lim

o
d
)v
s.

8
5
%

(p
la
ce

b
o
)

at
3
w
ee

ks
an

d
4
3
vs
.
7
5
%

at
6
w
ee

ks
p
o
st

va
cc

in
at
io
n

( 1
9
)

Te
ta
n
u
s

R
es

p
o
n
se

ra
te
s
w
er
e
re
d
u
ce

d
fo
r
fin
g
o
lim

o
d
vs
.
p
la
ce

b
o

at
3
w
ee

ks
(4
0
vs
.
6
1
%
)a

n
d
6
w
ee

ks
(3
8
vs
.
4
9
%
)a

ft
er

va
cc

in
at
io
n

N
at
al
iz
u
m
ab

R
an

d
o
m
iz
ed

,
o
p
en

-l
ab

el
(N

=
6
0
)

P
at
ie
n
ts

re
ce

iv
in
g

n
at
al
iz
u
m
ab

vs
.
u
n
tr
ea

te
d

co
n
tr
o
ls

Te
ta
n
u
s,

K
L
H

A
d
eq

u
at
e
re
sp

o
n
se

,
d
efi
n
ed

as

≥
2
-f
o
ld

in
cr
ea

se
in

sp
ec

ifi
c
se

ru
m

Ig
G

2
8
d
ay
s
af
te
r
va
cc

in
at
io
n

A
ll
ev
al
u
ab

le
p
at
ie
n
ts

h
ad

ad
eq

u
at
e
re
sp

o
n
se

to
te
ta
n
u
s

to
xo

id
;
th
e
p
ro
p
o
rt
io
n
s
o
f
re
sp

o
n
d
er
s
to

te
ta
n
u
s
an

d

K
L
H
va
cc

in
es

w
er
e
si
m
ila
r
w
ith

vs
.
w
ith

o
u
t
n
at
al
iz
u
m
ab

(2
0
)

(C
o
n
tin
u
e
d
)

Frontiers in Neurology | www.frontiersin.org 3 February 2022 | Volume 13 | Article 828616

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Tornatore et al. Vaccination in Teriflunomide-Treated MS Patients

T
A
B
L
E
1
|C

o
n
tin

u
ed

D
M
T

S
tu
d
y
d
e
s
ig
n

G
ro
u
p
s
c
o
m
p
a
re
d

V
a
c
c
in
e
ty
p
e

A
s
s
e
s
s
m
e
n
t
o
f
im

m
u
n
e
re
s
p
o
n
s
e

K
e
y
fi
n
d
in
g
s

R
e
fe
re
n
c
e
s

O
cr
el
iz
u
m
ab

V
E
L
O
C
E
/
P
h
as

e
3
b
,

o
p
en

-l
ab

el
(N

=
1
0
2
)

P
at
ie
n
ts

re
ce

iv
in
g

o
cr
el
iz
u
m
ab

vs
.
co

n
tr
o
ls

(IF
N
-β

o
r
n
o
D
M
T
)

In
flu
en

za
H
em

ag
g
lu
tin

at
io
n
in
h
ib
iti
o
n
tit
er
s

(≥
4
0
in
d
ic
at
ed

se
ro
p
ro
te
ct
io
n
)

S
er
o
p
ro
te
ct
io
n
w
as

ac
h
ie
ve
d
b
y
5
5
.6
–8

0
.0
%

o
f
p
at
ie
n
ts

re
ce

iv
in
g
o
cr
el
iz
u
m
ab

vs
.
9
7
.0
%

o
f
co

n
tr
o
ls

( 2
1
)

Te
ta
n
u
s,

K
L
H

P
ro
p
o
rt
io
n
o
f
p
at
ie
n
ts

w
ith

a
p
o
si
tiv
e

re
sp

o
n
se

8
w
ee

ks
af
te
r
va
cc

in
at
io
n

(a
n
ti-
T
T
Ig
G

an
tib

o
d
y
tit
er

≥
0
.2

IU
/m

L
)

R
es

p
o
n
se

ra
te
s
w
er
e
re
d
u
ce

d
w
ith

o
cr
el
iz
u
m
ab

vs
.

co
n
tr
o
ls
to

te
ta
n
u
s
(2
3
.9

vs
.
5
4
.5
%
)a

n
d
P
n
eu

m
o
va
x

(7
1
.6

vs
.
1
0
0
%
)v
ac

ci
n
es
;
h
u
m
o
ra
lr
es
p
o
n
se

to
K
L
H
w
as

re
d
u
ce

d
w
ith

o
cr
el
iz
u
m
ab

P
n
eu

m
o
co

cc
al

(1
3
-P
C
V,

2
3
-P
P
V
)

P
ro
p
o
rt
io
n
o
f
p
at
ie
n
ts

w
ith

a
p
o
si
tiv
e

re
sp

o
n
se

4
w
ee

ks
af
te
r
va
cc

in
at
io
n

(≥
2
-f
o
ld

in
cr
ea

se
in

Ig
G

tit
er
s)

R
es

p
o
n
se

ra
te
s
to

2
3
-P

P
V
w
er
e
re
d
u
ce

d
w
ith

o
cr
el
iz
u
m
ab

(7
1
.6
%
)v
s.

co
n
tr
o
ls
(1
0
0
%
)

A
le
m
tu
zu

m
ab

P
ilo
t,
h
is
to
ric

al
ca

se
-c
o
n
tr
o
l

(N
=

2
3
)

In
flu
en

za
R
at
es

o
f
se

ro
p
ro
te
ct
io
n
(≥
2
-f
o
ld

in
cr
ea

se
in
an

tib
o
d
ie
s)

1
0
0
%

o
f
p
at
ie
n
ts

w
h
o
re
ce

iv
ed

th
e
in
flu
en

za
va
cc

in
e

ac
h
ie
ve
d
se

ro
p
ro
te
ct
io
n
;
9
5
%

ac
h
ie
ve
d
≥
4
-f
o
ld

in
cr
ea

se

in
an

tib
o
d
y
tit
er
s,

co
m
p
ar
ed

w
ith

8
2
–9

0
%

o
f
h
is
to
ric

al

co
n
tr
o
ls

(2
2
)

(N
=

2
2
)

D
ip
h
th
er
ia
,
te
ta
n
u
s,

p
o
lio
-m

ye
lit
is

P
o
st
-v
ac

ci
n
e
ra
te
s
o
f
se

ro
p
ro
te
ct
io
n
w
er
e
9
5
–1

0
0
%

fo
r

p
at
ie
n
ts

re
ce

iv
in
g
al
em

tu
zu

m
ab

(N
=

2
3
)

M
en

in
g
o
co

cc
al
g
ro
u
p

C

9
1
%

o
f
p
at
ie
n
ts

ac
h
ie
ve
d
se

ro
p
ro
te
ct
io
n
vs
.
9
7
.6
–1

0
0
%

o
f
h
is
to
ric

al
co

n
tr
o
ls

(N
=

2
1
)

P
n
eu

m
o
co

cc
al

(2
3
-P
P
V
)

S
er
o
ty
p
e
3
:
7
3
%

o
fp

at
ie
n
ts

ac
h
ie
ve
d
se

ro
co

n
ve
rs
io
n
vs
.

3
5
–4

7
%

o
f
h
is
to
ric

al
co

n
tr
o
ls

S
er
o
ty
p
e
8
:
9
5
%

o
fp

at
ie
n
ts

ac
h
ie
ve
d
se

ro
co

n
ve
rs
io
n
vs
.

8
1
–8

5
%

o
f
h
is
to
ric

al
co

n
tr
o
ls

D
ac

liz
u
m
ab

-β
S
E
L
E
C
T
E
D
O
p
en

-l
ab

el
,

si
n
g
le
-a
rm

,
p
ro
sp

ec
tiv
e

(N
=

9
0
)

D
ac

liz
u
m
ab

-β
In
flu
en

za
H
em

ag
g
lu
tin

at
io
n
in
h
ib
iti
o
n
tit
er
s

(≥
4
0
in
d
ic
at
ed

se
ro
p
ro
te
ct
io
n
)

S
er
o
p
ro
te
ct
io
n
ac

h
ie
ve
d
fo
r
9
2
%

(s
tr
ai
n
A
/H

1
N
1
),
9
1
%

(A
/H

3
N
2
),
an

d
6
7
%

(B
)o

f
p
at
ie
n
ts

( 2
3
)

M
u
lti
p
le

P
ro
sp

ec
tiv
e,

n
o
n
-r
an

d
o
m
iz
ed

,

o
b
se

rv
at
io
n
al
(N

=
1
0
8
)

P
at
ie
n
ts

re
ce

iv
in
g
IF
N
s,

g
la
tir
am

er
ac

et
at
e,

n
at
al
iz
u
m
ab

,
fin
g
o
lim

o
d
,
o
r

o
th
er

D
M
Ts

In
flu
en

za
P
ro
p
o
rt
io
n
o
f
p
at
ie
n
ts

ac
h
ie
vi
n
g

se
ro
co

n
ve
rs
io
n
o
r
se
ro
p
ro
te
ct
io
n
;

m
ea

n
g
eo

m
et
ric

tit
er

in
cr
ea

se
;

p
ro
p
o
rt
io
n
o
f
p
at
ie
n
ts

ac
h
ie
vi
n
g
H
I

tit
er

≥
4
0

R
at
es

o
f
se

ro
p
ro
te
ct
io
n
w
er
e
h
ig
h
es

t
in
H
1
N
1
st
ra
in

(7
1
.4
–1

0
0
%
),
co

m
p
ar
ed

w
ith

H
3
N
2
(2
8
.6
–3

3
.3
%
)o

r
B

st
ra
in
s
(5
7
.1
–8

8
.9
%
)

O
ve
ra
ll
se

ro
p
ro
te
ct
io
n
w
as

h
ig
h
es

t
in

p
at
ie
n
ts

re
ce

iv
in
g

IF
N
s
(7
3
.3
%
)a

n
d
g
la
tir
am

er
ac

et
at
e
(5
7
.7
%
)a

n
d
lo
w
es

t

in
th
o
se

re
ce

iv
in
g
n
at
al
iz
u
m
ab

(1
4
.3
%
)a

n
d

fin
g
o
lim

o
d
(3
3
.3
%
)

( 2
4
)

M
u
lti
p
le

P
ro
sp

ec
tiv
e,

n
o
n
-r
an

d
o
m
iz
ed

,
o
p
en

-l
ab

el

(N
=

1
5
2
)

P
at
ie
n
ts

re
ce

iv
in
g

fin
g
o
lim

o
d
,
g
la
tir
am

er

ac
et
at
e,

IF
N
-β
-1
a/
b
,

n
at
al
iz
u
m
ab

,
o
r
n
o
D
M
T
vs
.

h
ea

lth
y
co

n
tr
o
ls

In
flu
en

za
S
er
o
p
ro
te
ct
io
n
ra
te
s
at

3
,
6
,
an

d
1
2

m
o
n
th
s

A
t
3
–1

2
m
o
n
th
s
p
o
st

va
cc

in
at
io
n
,
se

ro
p
ro
te
ct
io
n
ra
te
s

w
er
e
re
d
u
ce

d
fo
r
p
at
ie
n
ts

re
ce

iv
in
g
n
at
al
iz
u
m
ab

(5
5
.6
–7

5
.0
%

p
ro
te
ct
ed

)o
r
fin
g
o
lim

o
d
(2
2
.2
–7

1
.4
%
)v
s.

h
ea

lth
y
co

n
tr
o
ls
(7
0
.4
–9

4
.6
%
);
p
at
ie
n
ts

re
ce

iv
in
g

g
la
tir
am

er
ac

et
at
e
(7
7
.3
–9

1
.3
%
)o

r
IF
N
-β
-1
a/
b

(7
9
.0
–8

8
.0
%
)a

ch
ie
ve
d
si
m
ila
r
p
ro
te
ct
io
n
to

co
n
tr
o
ls

(2
5
)

M
u
lti
p
le

O
b
se
rv
at
io
n
al
,
p
ro
sp

ec
tiv
e

(N
=

3
2
9
)

P
at
ie
n
ts

re
ce

iv
in
g
IF
N
-β
,

g
la
tir
am

er
ac

et
at
e,

n
at
al
iz
u
m
ab

,
o
r

m
ito

xa
n
tr
o
n
e
vs
.
co

n
tr
o
ls

In
flu
en

za
S
er
o
p
ro
te
ct
io
n
ra
te
s
(d
efi
n
ed

as

H
I≥

4
0
)

R
at
es

o
f
se

ro
p
ro
te
ct
io
n
va
rie

d
b
y
D
M
T
an

d
in
flu
en

za

st
ra
in

(H
1
N
1
,
H
3
N
2
);
p
at
ie
n
ts

re
ce

iv
in
g
IF
N
-β

h
ad

si
m
ila
r

re
sp

o
n
se

ra
te
s
as

h
ea

lth
y
co

n
tr
o
ls
,
w
h
er
ea

s
ra
te
s
w
er
e

g
en

er
al
ly
lo
w
er

w
ith

g
la
tir
am

er
ac

et
at
e,

n
at
al
iz
u
m
ab

(e
xc
ep

t
fo
r
2
0
1
0
H
1
N
1
st
ra
in
),
an

d
m
ito

xa
n
tr
o
n
e

( 2
6
)

(C
o
n
tin
u
e
d
)

Frontiers in Neurology | www.frontiersin.org 4 February 2022 | Volume 13 | Article 828616

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Tornatore et al. Vaccination in Teriflunomide-Treated MS Patients

T
A
B
L
E
1
|C

o
n
tin

u
ed

D
M
T

S
tu
d
y
d
e
s
ig
n

G
ro
u
p
s
c
o
m
p
a
re
d

V
a
c
c
in
e
ty
p
e

A
s
s
e
s
s
m
e
n
t
o
f
im

m
u
n
e
re
s
p
o
n
s
e

K
e
y
fi
n
d
in
g
s

R
e
fe
re
n
c
e
s

M
u
lti
p
le

O
b
se
rv
at
io
n
al
m
u
lti
ce

n
te
r

p
ro
sp

ec
tiv
e
co

h
o
rt
(N

=

7
8
0
)

P
at
ie
n
ts

w
ith

M
S
re
ce

iv
in
g

o
cr
el
iz
u
m
ab

,
n
at
al
iz
u
m
ab

,

fin
g
o
lim

o
d
,
IF
N
s,

te
rifl
u
n
o
m
id
e,

o
th
er

D
M
Ts
,

o
r
u
n
tr
ea

te
d

S
A
R
S
-C

o
V
-2

S
A
R
S
-C

o
V
-2

an
tib

o
d
ie
s
b
ef
o
re

1
st

va
cc

in
at
io
n
an

d
4
w
ee

ks
af
te
r
2
n
d

va
cc

in
at
io
n

C
o
m
p
ar
ed

w
ith

u
n
tr
ea

te
d
p
at
ie
n
ts
,
p
o
st
-v
ac

ci
n
at
io
n

an
tib

o
d
y
le
ve
ls
w
er
e
si
g
n
ifi
ca

n
tly

lo
w
er

fo
r
p
at
ie
n
ts

re
ce

iv
in
g
o
cr
el
iz
u
m
ab

(2
0
1
-f
o
ld

re
d
u
ct
io
n
),
fin
g
o
lim

o
d

(2
6
-f
o
ld

re
d
u
ct
io
n
),
o
r
rit
u
xi
m
ab

(2
0
-f
o
ld
)(
P

<
0
.0
0
1
fo
r

al
l).
N
o
si
g
n
ifi
ca

n
t
d
iff
er
en

ce
w
as

o
b
se

rv
ed

w
ith

te
rifl
u
n
o
m
id
e
o
r
o
th
er

D
M
Ts

( 2
7
)

M
u
lti
p
le

O
b
se
rv
at
io
n
al
co

h
o
rt
(N

=

1
7
2
)

P
at
ie
n
ts

w
ith

M
S
re
ce

iv
in
g

D
M
Ts

vs
.
h
ea

lth
y
co

n
tr
o
ls

S
A
R
S
-C

o
V
-2

Ig
G

an
tib

o
d
y
tit
er
s

S
u
ffi
ci
en

t
an

tib
o
d
y
re
sp

o
n
se

to
va
cc

in
at
io
n
w
as

o
b
se

rv
ed

fo
r
9
7
.9
–1

0
0
%

o
f
h
ea

lth
y
co

n
tr
o
ls
,
u
n
tr
ea

te
d

M
S
p
at
ie
n
ts
,
an

d
p
at
ie
n
ts

re
ce

iv
in
g
cl
ad

rib
in
e,

b
u
t
fo
r

o
n
ly
3
.8
%

re
ce

iv
in
g
fin
g
o
lim

o
d
an

d
2
2
.7
%

re
ce

iv
in
g

o
cr
el
iz
u
m
ab

(7
)

M
u
lti
p
le

O
b
se
rv
at
io
n
al
co

h
o
rt
(N

=

1
2
0
)

P
at
ie
n
ts

w
ith

M
S
re
ce

iv
in
g

D
M
Ts

S
A
R
S
-C

o
V
-2

Ig
G

an
tib

o
d
y
tit
er
s

C
o
m
p
ar
ed

w
ith

p
at
ie
n
ts

re
ce

iv
in
g
n
o
M
S
th
er
ap

y,
th
e

Ig
G

an
tib

o
d
y
re
sp

o
n
se

to
va
cc

in
at
io
n
w
as

re
d
u
ce

d
fo
r

th
o
se

re
ce

iv
in
g
an

ti-
C
D
2
0
an

tib
o
d
ie
s
(β

=
−
2
.1
9
;
P

<

0
.0
0
1
)o

r
sp

h
in
g
o
si
n
e-
1
-p
h
o
sp

h
at
e
m
o
d
u
la
to
rs

(β
=

−
1
.9
2
;
P

<
0
.0
0
1
);
n
o
d
iff
er
en

ce
w
as

o
b
se

rv
ed

fo
r

p
at
ie
n
ts

re
ce

iv
in
g
te
rifl
u
n
o
m
id
e
(β

=
−
0
.0
1
;
P
=

0
.9
8
)o

r

cl
ad

rib
in
e
(β

=
−
0
.3
9
;
P
=

0
.4
4
)

( 2
8
)

1
3
-P
C
V,
1
3
-v
a
le
n
t
p
n
e
u
m
o
c
o
c
c
a
lc
o
n
ju
g
a
te
;
2
3
-P
P
V,
2
3
-v
a
le
n
t
p
n
e
u
m
o
c
o
c
c
a
lp
o
ly
sa
c
c
h
a
ri
d
e
;
D
M
F,
d
im
e
th
yl
fu
m
a
ra
te
;
D
M
T,
d
is
e
a
se
-m

o
d
ify
in
g
th
e
ra
p
y;
H
I,
h
e
m
a
g
g
lu
tin
a
tio
n
in
h
ib
iti
o
n
;
IF
N
,
in
te
rf
e
ro
n
;
Ig
,
im
m
u
n
o
g
lo
b
u
lin
;
K
L
H
,
ke
yh
o
le

lim
p
e
t
h
e
m
o
c
ya
n
in
;
M
S
,
m
u
lti
p
le
sc
le
ro
si
s;
S
1
P
R
,
sp
h
in
g
o
si
n
e
-1
-p
h
o
sp
h
a
te
in
h
ib
ito
r.

antigen were unchanged.Moreover, no differences were observed
between treatment groups for any recall antigen, suggesting
teriflunomide does not influence the cellular memory response
to recall antigens.

Interferons
Some studies with the seasonal influenza vaccine have linked
IFN-β with high rates of seroprotection, similar to those in
healthy controls (13, 15, 16, 24–26). In an early study, 93% of
patients receiving IFN-β-1a and 91% of patients receiving no
DMT achieved seroprotection with the influenza vaccine, and
no MS relapses occurred during the month after vaccination
(15). More recent studies of patients receiving IFN-β have
reported increased frequencies of influenza-specific T cells and
antibody titers after vaccination (16) and seroprotection rates
comparable to or higher than those of healthy controls (−0.9
to 17.0% difference), with seroprotection maintained up to
12 months after vaccination (25, 26). A higher proportion
of patients receiving IFN-β achieved seroprotection against
multiple influenza strains compared with patients receiving
glatiramer acetate, natalizumab, or mitoxantrone (26). Adverse
events of flu-like symptoms, headache, and weakness have been
reported after influenza vaccination for patients receiving IFN
treatment (24).

IFN-β and dimethyl fumarate were associated with similar
rates of protection, defined as ≥2-fold increase in IgG antibody
titers, against tetanus antitoxoid (73 and 68%, respectively),
diphtheria antitoxoid (61 and 58%), pneumococcal vaccine
polyvalent serotypes 3 (79 and 66%) and 8 (88 and 95%), and
meningococcal group C (53 and 53%) (17). Severe adverse events
of injection-site cellulitis, burning sensation, and arthralgia were
reported for two patients in the IFN-β group (n = 33) and none
in the dimethyl fumarate group (n= 38) (17).

Glatiramer Acetate
In one study, patients who received glatiramer acetate achieved
similar rates of protection with the influenza vaccine vs. healthy
controls (−7.6 to 6.9% difference over 12months) (25). However,
a separate study reported seroprotection rates that were lower
(12.9–37.8%) for patients receiving glatiramer acetate than for
healthy controls (26). Of note, seroprotectionmay vary according
to influenza strain for patients receiving glatiramer acetate,
fingolimod, or natalizumab, with higher rates of protection
against strain H1N1 than against strains H3N2 or B (24, 26). Flu-
like symptoms, increased temperature, and nightly sweating have
been reported after influenza vaccination for patients receiving
glatiramer acetate (24).

Sphingosine-1-Phosphate Inhibitors
One small study of fingolimod found no reduction in humoral
or cellular response to the influenza vaccine (18), but two other
studies reported significantly reduced rates of seroprotection
with fingolimod vs. controls (23.2–48.2% difference over 12
months) (19, 25). Exanthema has been reported after influenza
vaccination in some patients receiving fingolimod (24).

One study suggested that patients receiving fingolimod
might have reduced protection against tetanus toxoid boosters
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compared with patients receiving placebo (6-week responder
rates, 38 vs. 49%, respectively) (19).

Monoclonal Antibodies
Natalizumab appears to diminish the response to seasonal
influenza vaccines compared with healthy controls (26) or
patients receiving IFN-β (25). Natalizumab might also attenuate
response to the tetanus vaccine and keyhole limpet hemocyanin
(KLH); although overall response rates were similar between
patients taking natalizumab and those who delayed natalizumab
treatment, a trend toward lower IgG antibody titers was observed
for patients receiving natalizumab (20).

In one study, an attenuated response to influenza vaccination
was observed in patients receiving ocrelizumab (55.6–80.0%
seroprotection) vs. controls (patients receiving IFN-β therapy
or no DMT; 75.0–97.0%) (21). Ocrelizumab was also associated
with lower response rates to tetanus (−30.7% difference in 8-
week response rate), pneumococcal (−65.3 to−19.1% difference
in 8-week response rates), and KLH vaccines (3.0- and 6.1-fold
difference in IgM and IgG titers at 8 weeks, respectively) (21).
Safety findings with ocrelizumab were consistent with the safety
profile from phase 3 studies and most commonly involved mild
or moderate infections (47%), which occurred more frequently
than in controls (15%) (21).

Alemtuzumab may not interfere with responses to T cell–
independent recall antigen (pneumococcus) or T cell–dependent
recall antigen (tetanus, diphtheria, polio) and neoantigen
(meningococcus C), although vaccination within 6 months of
treatment resulted in a smaller proportion of responders (22).
However, the results should be interpreted with caution, as they
are based on a single study that compared a small population (N
= 24) with literature controls.

COVID-19 VACCINATION FOR PATIENTS
WITH MS

Like many pathogens, SARS-CoV-2 initially infects mucosal
surfaces of the upper respiratory and digestive tracts (30).
Mucosal surfaces use adaptive immune mechanisms for
protection that involve secretory IgA and differ from those of
other epithelial layers or at a systemic level (11). The mucosal
immune response is non-inflammatory, but an inflammatory
immune response dominates once a pathogen reaches terminal
airways and alveoli (30).

To enter target cells, the SARS-CoV-2 virus uses a spike
glycoprotein that binds the ACE2 receptor (31). Because the spike
protein is essential for entry into the target cell, all vaccines
use this protein as the immunizing antigen (32). The intent is
to present the spike protein to the immune system, generate
neutralizing antibodies that prevent it binding the ACE2 receptor,
and thereby limit viral entry and infection of host cells (31, 32).
As of November 2021, the COVID-19 vaccine developed by
Pfizer-BioNTech has received full approval from the US FDA
for use in adults (≥16 years) and is authorized for emergency
use in children (5–15 years); the Moderna and Johnson &
Johnson/Janssen are authorized for emergency use by the US

FDA in adults (≥18 years). These vaccines are recommended by
the CDC to prevent SARS-CoV-2 infection and COVID-related
complications (Table 2).1 Additional vaccines from AstraZeneca,
Pfizer-BioNTech, Novavax, Inovio, and Medicago are also in
Phase 3 development in the US (Table 2). This short list
comprises a variety of vaccine types: both vaccines from
Pfizer-BioNTech (BNT162b1 and BNT162b2) and the vaccine
from Moderna (mRNA-1273) are nucleic acid (mRNA) based
(33, 34); the Inovio vaccine is DNA based2; the Janssen and
AstraZeneca vaccines are viral vector vaccines, which consists
of inactivated adenovirus (35, 36); the Novavax vaccine is
protein based and contains spike glycoproteins (37); and the
Medicago vaccine uses a plant-based coronavirus-like particle.3

In other countries, a recombinant adenovirus–based vaccine
developed by Russian researchers and inactivated SARS-CoV-2
vaccines developed by Sinovac and Sinopharm are demonstrating
favorable efficacy against SARS-CoV-2 infection, but none is in
Phase 3 development in the US (38–40). None of the vaccines
currently available or in Phase 3 development in the US contain
replication-competent virus. Only one vaccine, from Meissa
Vaccines, uses live attenuated virus and is in phase 1 clinical trials
in the US.

Though guidance has been issued for patients with MS who
are considering vaccination against the SARS-CoV-2 virus, the
information is based largely on studies using other vaccines,
most of which used inactivated or toxoid- or polysaccharide-
based vaccines (4, 11). Initial data are emerging on the interaction
between DMTs and the development of SARS-CoV-2 antibodies.
A single-center study (N = 555) that included untreated patients
and patients receiving DMTs suggested the rates of adverse
events, reported a median 38 days after the first BNT162b2
dose and 20 days after the second dose, were similar to
those in the general population: 29.7% after first dose, and
40.2% after second dose (6). Of the 125 patients from that
study for whom seroprotection was assessed 1 month after
the second dose, humoral immunity was attained for 22.7%
of patients receiving ocrelizumab, 3.8% receiving fingolimod,
100% receiving cladribine, and 100% of untreated patients (7). A
separate study also reported reduced odds of antibody formation
after SARS-CoV-2 infection with ocrelizumab vs. other DMTs
(odds ratio, 0.045; P = 0.011) (41). A multicenter cohort study of
patients with MS reported that compared with patients receiving
no DMT, post-vaccination antibody levels 1 month after the
second dose of the BNT162b2 or mRNA-1273 vaccine were
significantly (P < 0.001) lower in patients receiving ocrelizumab
(201-fold reduction), fingolimod (26-fold), and rituximab (20-
fold) compared with untreated patients (27). Patients receiving
teriflunomide had similar antibody levels to untreated patients.
Across cohorts, antibody levels were 3.5-fold higher for patients
who received the mRNA-1273 vs. BNT162b2 vaccine. Similar
findings were reported in a Swiss cohort of patients with
MS who received the BNT162b2 or mRNA-1273 vaccine (28).

1https://www.cdc.gov/coronavirus/2019-ncov/vaccines/different-vaccines.html.
2https://www.inovio.com/our-focus-serving-patients/covid-19/.
3https://www.medicago.com/en/covid-19-programs/.
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TABLE 2 | COVID-19 vaccines authorized for emergency use
†
or in phase 3 development in the US as of October 20, 2021.

Vaccine type Name Primary developers Country of origin Date of approval or emergency use authorization in

the US and EU

mRNA based BNT162b2 Pfizer-BioNTech Multinational US: Approval August 23, 2021

EU: December 21, 2020

mRNA based BNT162b1 Pfizer-BioNTech Multinational US: N/A (Phase 3 clinical trials)

EU: N/A (Phase 2 clinical trials)

mRNA based mRNA-1273 Moderna US US: EUA December 18, 2020

EU: January 6, 2021

DNA based INO-4800 Inovio US US: N/A (Phase 3 clinical trials)

EU: N/A

Adenovirus AZD1222 AstraZeneca UK US: N/A (Phase 3 clinical trials)

EU: January 29, 2021

Non-replicating

viral vector

JNJ-78436735

(Ad26.COV2.S)

Johnson &

Johnson/Janssen

US US: February 27, 2021

EU: March 11, 2021

Nanoparticle NVX-CoV2373 Novavax US, Mexico US: N/A (Phase 3 clinical trials)

EU: December 20, 2021

Plant-based

virus-like particle

CoVLP Medicago US, Canada US: N/A (Phase 3 clinical trials)

EU: N/A

EUA, Emergency use authorization; N/A, not applicable.
†
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/different-vaccines.html.

Compared with patients who received no MS therapy, SARS-
CoV-2 IgG titers 21–35 days after the second dose were lower
in patients receiving anti-CD20 antibodies or sphingosine-1-
phosphate modulators; no significant difference was found with
teriflunomide or cladribine. Of note, although patients with
MS who are treated with an anti-CD20 antibody have poor
antibody responses to SARS-CoV-2 vaccination, these patients
appear to have a robust cellular response by 1 month after the
second vaccine dose, which suggests that some level of immunity
is attained (42). A robust cellular response to SARS-CoV-2
vaccination was also recently observed in the majority of patients
on teriflunomide and most other DMTs except sphingosine-1-
phosphate modulators (43, 44).

Based on accumulated evidence for vaccination in the context
of MS DMTs, an international consensus panel, as well as
the US National MS Society (NMSS) and UK MS Society
(MSS), consider the potential benefit of COVID-19 vaccination
to outweigh the risk of avoiding vaccination, with regard to
both individual and public safety (32).4,5 All recommendations
suggest the vaccines are safe for patients withMS, including those
receiving DMTs, and are unlikely to cause MS relapse, worsen
MS symptoms, or reduce DMT efficacy. The NMSS emphasizes
the importance of vaccination for high-risk populations with
MS. These include black and Hispanic patients and patients with
progressive MS, who are older, or who have greater physical
disability or medical conditions that might increase the severity
of COVID-19 symptoms.

4https://www.mssociety.org.uk/what-we-do/news/ms-society-medical-advisers-
release-consensus-statement-covid-19-vaccines.
5https://www.nationalmssociety.org/coronavirus-covid-19-information/
multiple-sclerosis-and-coronavirus/covid-19-vaccine-guidance.

According to these guidance statements, as of September 2021,
patients with MS do not need to postpone initiating most DMTs
or adjust the timing of administration. Whereas, the consensus
statement fromCentonze et al. recommends not discontinuing or
modifying DMTs to improve vaccine efficacy (32), the NMSS and
MSS note exceptions for certain DMTs. In the NMSS guidance,
exceptions include patients initiating treatment with fingolimod,
siponimod, ozanimod, alemtuzumab, cladribine, ocrelizumab,
rituximab, and ofatumumab. Ideally these DMTs would not be
initiated until 2–4 weeks after the second vaccine injection.
The MSS guidance similarly recommends patients wait until
after vaccination before initiating treatment with ocrelizumab
or rituximab. For patients already receiving alemtuzumab,
ocrelizumab, rituximab, and ofatumumab, the NMSS suggests the
first injection of COVID-19 vaccine be administered ≥12 weeks
(≥4 weeks for ofatumumab) after the last DMT dose, with the
DMT resumed ≥4 weeks after the second injection. The MSS
echoes this guidance for patients already receiving alemtuzumab
and cladribine. In addition, patients receiving high-dose steroids
should wait at least 3–5 days after the last steroid dose before
receiving a vaccine injection.

Neither society has provided guidance around COVID-19
vaccination for patients experiencingMS relapse or exacerbation.
However, AAN guidelines recommend such patients postpone
any vaccinations until their relapse is no longer active (45).

DISCUSSION

During the first year of the COVID-19 pandemic, several
prescribers and their patients withMS questioned whether DMTs
might increase the risk for infection, and potentially lead to
severe COVID-19 symptoms (46). Early evidence on patients
receivingMSDMTs at the time of a COVID-19 diagnosis suggests
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that despite their immunomodulatory or immunosuppressive
mechanisms of action, most DMTs, including teriflunomide, do
not increase the risk of more severe COVID-19 symptoms (3).
Among the available literature, most notable are a systematic
review of 2,493 patients with MS who were infected with
SARS-CoV-2, of whom 2,047 were receiving DMTs (47), and a
description of 873 patients with MS and SARS-CoV-2 infection,
761 of whom were receiving DMTs (48). Both publications
suggest most DMTs do not increase the severity of COVID-
19 symptoms or contribute to poorer outcomes; the risk of
serious outcomes may be higher for untreated patients or those
receiving anti-CD20 therapies (47). It is possible that some
DMTs might attenuate the immune response to the SARS-CoV-
2 virus in patients with MS. For example, some investigators
have hypothesized that the strong antigenic stimulation often
caused by SARS-CoV-2 may be moderated by teriflunomide,
which reduces the level of immune activation without inducing
major immunosuppression (49–51). Others have proposed that
teriflunomidemight harbor antiviral properties that could reduce
the ability of the virus to replicate in the infected cell (47, 52).
Because limited evidence is available to date, it is not yet possible
to draw conclusions about the effects of teriflunomide or any
other DMT on the course of SARS-CoV-2 infection. However,
the NMSS suggests the benefits of continuing MS treatments
outweigh the potential risks of stopping treatment.6

In patients with MS, use of DMTs may complicate the
evidence around vaccinations due to their immunomodulatory

6https://www.nationalmssociety.org/coronavirus-covid-19-information/
multiple-sclerosis-and-coronavirus/ms-treatment-guidelines-during-
coronavirus.

and immunosuppressive effects (4). Initial evidence suggests
the possibility that some DMTs might reduce efficacy of
vaccines, including vaccines for the SARS-CoV-2 virus (7,
27). The available evidence is encouraging, as it suggests
that compared with healthy controls, patients with MS
receiving most DMTs, including teriflunomide, do not have
reduced response to vaccines or experience adverse effects
from vaccination.
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